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FACTORS INFLUENCING SPORULATION BY 
SEPTORIA NODORUM' 


GERALD §S. RICHARDS 
(Accepted for publication January 15, 1951) 


Some parasitic fungi which, in nature, produce spores in abundance will 
produce very few spores when grown on synthetic or semisynthetic media. 
Others sporulate profusely on such media. Factors that influence sporula- 
tion of fungi in the laboratory are not well understood, and there is evi- 
dence that they are not the same for all fungi. Research designed to learn 
more about the factors that control sporulation must include studies of 
many representative fungi. Previously, papers from this laboratory have 
dealt with sporulation of several fungi including Sordaria fimicola (5), 
Ceratostomella fimbriata (1), Chaetomium convolutum (6), Choanephora 
cucurbitarum (2), Colletotrichum lindemuthianum (8), and Helmintho- 
sporium spp. (4). This paper presents the results obtained with Septoria 
nodorum Berk. 

Although a great deal has been written about Septoria nodorum and the 


disease it causes, little is known of its physiology or the conditions favoring 


sporulation in nature or in culture. Under the conditions used by Weber 


(9), growth was abundant on potato-glucose agar and other media. Sporu- 
lation, however, occurred only on potato-glucose agar and oatmeal agar. 
Cromwell (3) reported growth on potato-glucose agar, but did not mention 
sporulation on this medium. However, pyenidia did form after 8 days of 
incubation on sterilized wheat straw. Machacek (7) obtained sporulation 
after several weeks’ incubation on potato-sucrose agar. There have been no 
reports on the growth or sporulation of S. nodorum on synthetic media. 

The object of the present study was to obtain information on the nutri- 
tional and environmental factors influencing sporulation of S. nodorum and 
to ascertain the optimum conditions for maximum sporulation in the labo- 
ratory. 

MATERIALS AND METHODS 


The isolate used in this investigation was obtained from infected glumes 
of wheat grown in West Virginia. 

Three types of inoculum for seeding culture media were used in the 
various experiments: 1) Mycelium inoculum consisted of a small piece of 
agar with adhering mycelium. 2) Fragmented mycelium was prepared by 
placing 20 ml. of sterile distilled water and the contents of a nonsporulating 


agar culture into a Waring Blendor and mincing the mycelial mat for 2 


1 Published with the approval of the director of the West Virginia Agricultural Ex- 
periment Station as Scientifie Paper No. 424. 

This paper is based on work done for the Biological Department, Chemical Corps, 
Camp Detrick, Frederick, Maryland, under contract No. W-18-064-CM-250 with West 
Virginia University. ° 
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512 PHYTOPATHOLOGY (Vou. 41 
min. The suspension was then diluted to the desired concentration. 3) 
Spore suspensions were prepared by picking up, with a sterile needle, spore 
masses oozing from pyenidia and placing them in sterile distilled water. 
The vessel was agitated to disperse the spores thoroughly. Inoculation by 
a suspension of fragmented mycelium or of spores was made with the aid 
of a sterile pipette. 

The basal medium consisted of : Carbon source, 20 gm.; nitrogen source, 
containing nitrogen equivalent to that in 2 gm. of asparagine (0.425 gm. N) ; 
KH.PO,, 1 gm.; MgSO, 7H.O, 0.5 gm.; Fe++4+, 0.2 mg.; Zn+4+, 0.2 mg.; 
Mn++, 0.1 mg.; agar, 20 gm. (when used); double distilled water to make 
1 liter. Sporulation was obtained on synthetic liquid media. However, 
agar media were used in most sporulation experiments because sporulation 
was better than in liquid media. These agar-containing media can be con- 
sidered as only semisynthetic. 

After the preliminary experiments, all cultures were incubated in Petri 
dishes in refrigerator-incubators at 20° + 1° C. and under the continuous 
light of a 15-watt daylight fluorescent lamp. 

All experiments were run at least three times, with five to ten replicate 


cultures for each condition. 


EXPERIMENTAL RESULTS 


Pre lyminary et pe rements. This isolate of S. nodorum grew well on 
various media but failed to sporulate under ordinary laboratory conditions. 


Cultures were then incubated under temperatures ranging from 15° to 30 
C. and under various periods of light and darkness. In these experiments 
sporulation occurred only under continuous light near 20° C. 

Vegetative growth on potato-glucose agar was luxuriant, but no sporula- 
tion occurred. On wheat-kernel medium consisting of 10 crushed grains of 
wheat and 20 ml. of water agar, hundreds of mature fruiting pycnidia were 
formed on and near the crushed kernels, within 15 days. Unerushed wheat 
kernels allowed less sp rulation. 

Various portions of the mature wheat plant were used to determine their 
influence on sporulation. Wheat glumes or wheat rachis in agar allowed 
very sparse vegetative growth and no sporulation. On wheat stem in agar, 
growth was sparse and a few pyenidia formed along the vascular bundles, 
being more numerous at the nodes. 

Effect of type of inoculum. During the preliminary experiments there 
was some indication that the use of spores as inoculum gave more abundant 
sporulation than did the use of nonsporulating mycelium. Ten plates of 
erushed wheat kernel agar were inoculated with fragmented mycelium, ten 
with a spore suspension, and ten with mycelium inoculum. The inoculation 
of plates with a spore suspension was accomplished in the following manner. 
One cu. em. of a spore suspension was pipetted onto the agar surface of the 
plates. The plates were agitated so that the spore suspension covered the 
entire agar surface in a thin film. Plates inoculated in this manner con- 
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tained approximately 120,000 to 150,000 spores per plate. Inoculation with 
fragmented mycelium was accomplished by flooding in an identical manner 
with suspensions of fragmented mycelium. The plates were incubated 
under optimum conditions of light and temperature. Pyenidia, counted 
after the maximum number had formed, were considered mature when they 
oozed spores or when the pycnidial walls were well developed with evident 
ostioles; only these contained great numbers of mature conidia. The re- 
sults of the experiment are in table 1. 

The use of a spore suspension as inoculum resulted in the greatest number 
of pycnidia in the shortest time. The superiority of this method was like- 
wise demonstrated on various semisynthetic media. 

Effect of agar in the medium. The addition of agar to the medium en- 
hanced sporulation. Cultures in synthetic liquid media produced few pye- 
nidia, and produced conidia only after a considerable quantity of aerial 
mycelium was produced. Fewer pycnidia and conidia were produced under 
these conditions and a longer time was required. Agar was added to all 
synthetic media unless otherwise specified. 

TABLE 1.-- Effect of type of inoculum on pycnidium production by 
Septoria nodorum grown on crushed wheat kernel agar 








Type of inoculum Approximate number of Days 
mature pycnidia 





ee: Or I a in ic atsiee ss dnacesa teas ibatenty 500 15 
Suspension of fragmented mycelium .......... 500 10 
NY I oi io dacins csscmeseuenoiainne 5,000 5 





Effect of vitamins. It was found that S. nodorum, for all practical pur- 
poses, is a self-sufficient organism with respect to biotin and thiamin. The 
addition of 5 micrograms of biotin and 100 micrograms of thiamin per 
liter of basal medium resulted in a slight increase in vegetative growth and 
a slight decrease in pyenidium production. Vitamins, therefore, were not 
added to the media in the following experiments. 

Effect of carbon and nitrogen sources. In studying fungus physiology, 
it is often easier to interpret results if the fungus is grown on a medium of 
known composition. Thus, the use of synthetic and semisynthetic media is 
highly desirable if such media can be found which allow abundant sporu- 
lation. 

Kor experiments to determine the nutritional requirements of S. no- 
dorum as well as to develop a medium which would support maximum sporu- 
lation, the basal medium was prepared, containing 10 gm. glucose and 10 
gm. sucrose, with various nitrogen sources. The hydrogen-ion concentra- 
tion of all synthetic media was adjusted to pH 6 before autoclaving. A 
spore suspension was used as inoculum, and all cultures were incubated for 
10 days under optimum conditions of light and temperature. From the 
data, glycine was the most favorable nitrogen source, thousands of pyenidia 
being produced per plate. 
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Various carbon sources then were used in combination with glycine. 
The basal medium was prepared using different carbon sources at the rate 
of 20 gm. per liter. After 7 days’ incubation, sporulation was most abun- 
dant on galactose medium, good on lactose, sucrose, maltose, glucose-sucrose, 
and olueose. but slight on sorbose. 

A further experiment was made to determine the effects on sporulation of 
the combinations between six carbon and eight nitrogen sources. The re- 


sults are in table 2. 


Table 2.-- Pycnidium production by Septoria nodorum with vari- 
ous combinations of carbon and nitrogen sources. Plates flooded with 
a spore suspension, incubated at 20° C. in continuous light for 8 days 
Approximate numbers of pycnidia in thousands 








Carbon source 





Nitrogen D- D-glucose D- 
source galactose Lactose Sucrose Maltose sucrose glucose 

Glycine ........ 16 L? 10 M-L 12L 14L 15 M-L 9 S-M 
_ ene 12S-M? 9S-M 18M 15 M-L 12S-M 10S-M 
Casein 

hydrolysate 25S 17S-M 17S-M 20S-M 19S 15S 
Asparagine... 7 L 8 L 12 L 17 M-L 17 M-L 9 M-L 
Potassium 

nitvete ....... MeL 2L 4L 3S-M 2S 2s 
Glutamic acid 15S 2S-M 3S 1S 2S-M 1S 
Ammonium 

tartrate 1S-M 1S-M 1S-M 0 0 1S 
Ammonium 

sulfate ...... 0 0 0 0 0 0 





Size of pycnidia: L, large; M, medium; S, small. 


Considering both the number and size of pyenidia, sporulation was best 
on the galactose-glycine medium. Other combinations yielding abundant 
sporulation were maltose-glycine, glucose-sucrose-glycine, sucrose-glycine, 
maltose-asparagine, glucose-sucrose-asparagine, sucrose-asparagine, galac- 
tose-casein-hydrolysate, maltose-urea, sucrose-urea, and lactose-casein hy- 
drolysate. Pycnidia were produced in greatest numbers on the media con- 
taining casein hydrolysate, but were small and produced fewer conidia than 
did the large pycnidia produced on certain other media. 

The carbon source did not influence sporulation so strongly as did the 
nitrogen source. Any combination of galactose, lactose, sucrose, and mal- 
tose with glycine, urea, casein hydrolysate, and asparagine yielded abundant 
spores. No pyenidia were produced on ammonium sulfate, probably be- 
cause of increased acidity as sulfuric acid is released into the medium. 

Effect of concentration of nutrients. Using a galactose-glycine medium, 
the effect of concentration of nutrients was studied. Observations made 


after 8 days’ incubation show that there is an optimum concentration of 


nutrients for production of mature pyenidia. 
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Six concentrations were used, ranging from ;, to 4 times the normal. 
As the concentration of nutrients was increased above the normal or de- 
creased below one-half the normal, the abundance of mature pycnidia was 
sharply reduced, but growth remained more or less constant throughout. 

Effect of light intensity. During some of the first experiments, plates 
of crushed wheat kernel agar inoculated with a spore suspension were incu- 
bated at 20° C. under continuous light from a 15-watt daylight fluorescent 
lamp. The plates were placed on the first (closest to light), second, and 
third shelves of the incubator. After 5 days’ incubation, the plates on the 
first shelf contained thousands of mature pycnidia, those on the second shelf 
contained hundreds of mature pycnidia; on those plates farthest from the 
light no pyenidia were produced. In another experiment glycine was used 
as the nitrogen source and the carbon sources varied. The plates were in- 
oculated with a spore suspension, stacked four high on the first shelf, and 
incubated at 20° C. for 8 days. The results are in table 3, where the plate 


TABLE 3.--Effect of light intensity on pycnidium production after 
8 days, when carbon sources were used in combination with glycine 








Carbon source Number of Carbon source Number of 
and plate No. mature pycnidia and plate No. mature pycnidia 
D-galactose l 5 ,000-15,000 Lactose l 5 ,000-15,000 

2 100-1 ,000 2 100 or less 

3 100 or less 3 0 

4 0 4 0 
Sucrose l 1 ,000-5,000 L-sorbose l 0 

2 100-1,000 2 0 

3 100-1,000 3 0 

4 100 or less 4 0 





nearest the light is designated as No. 1, and that on the bottom of the stack, 
No. 4. 

Light intensity plays an important part in pyenidium production by 
SN. nodorum. The light intensity measured by use of a photographie ex- 
posure meter was approximately 100 foot-candles on the first plate in the 
stack. The second, third, and fourth plates received approximately 60, 30, 
and 15 foot-candles, respectively. These measurements are only relative, 
and the values for the lower plates changed during the experiment because 
of the changing density of the mycelium of the culture or cultures above. 

It was also observed that aerial vegetative growth was somewhat en- 
hanced by lesser light intensity. Sporulation was directly proportional, 
whereas aerial vegetative growth was inversely proportional, to light in- 
tensity (Fig. 1). 

The inhibiting effect of light on vegetative growth was confirmed when 
cultures were grown in liquid media in light and darkness at 28° C. The 
rate of growth of cultures receiving light was less than that of cultures kept 


in darkness. 


ee ee eee 


Oteiv/i cia ct @ 


we 


Wititiniivii 





a 7 


CRUEVV EE 


: 





576 PHYTOPATHOLOGY |Vou. 41 


DISCUSSION 
Light of high intensity and a temperature very close to 20° C. favored 
abundant sporulation of S. nodorum on semisynthetie media. Abundant 
sporulation was obtained only under continuous light of at least 100 foot- 
candles. On galactose-glycine agar, the best medium found in this investi- 
gation, cultures failed to sporulate in continuous darkness or under low 
light intensity. No indication was observed that temperatures greater than 





Fig. 1. The effect of continuous light on pycnidium production and aerial vegeta- 


tive growth of Septoria nodorum, on crushed wheat kernel agar. All cultures 8 days old 
when photographed. A, plate exposed to 100 foot-candles; abundant pyenidia and sparse 


aerial vegetative growth. B, plate exposed to 60 foot-candles; few pycnidia and fair 
amount of aerial vegetative growth. C, plate exposed to 30 foot-candles; several pye- 
nidia were formed but are not evident in the photograph. D, exposed to 15 foot-candles; 
no pyenidia have formed, but aerial vegetative growth is abundant. 
20° C. could replace the effect of light for S. nodorum, since cultures incu- 
bated at 25° C. with a light intensity of 100 foot-candles did not sporulate. 
The light intensity to which cultures were exposed in the laboratory al- 
lowed abundant sporulations only near 20° C. Cultures incubated below 
18” C. or above 24° C. failed to sporulate on galactose-glycine agar. This 
influence of temperature on sporulations is not unique, except in respect to 
the narrowness of the range allowing sporulation in this ease. 
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The physiological basis for this influence of light and temperature is not 
known. Light and temperature may affect sporulation in fungi by their 
influence on the enzyme systems. Nothing, however, is known about the 
specific enzymes affected by light or about the reactions which they catalyze 
in this fungus. 

The favorable effect on sporulation of inoculating media by flooding 
with a spore suspension is noteworthy. The reasons for this favorable action 
are not known and may vary with the fungi involved. The multiplicity of 
growing points provided by a large number of spores leads to early exhaus- 
tion of nutrients. Thus, vegetative growth soon reaches a maximum and 
sporulation follows. Since the time of Klebs it has been recognized that the 
nutritional and environmental conditions favorable for vegetative growth 
and sporulation are different, and that exhaustion of nutrients is a stimulus 
to sporulation for some fungi. 

The growth of S. nodorum on synthetic media has not been reported pre- 
viously. Growth of this organism on synthetic or semisynthetic media made 
possible the study of nutritional factors affecting its growth and sporula- 
tion, a type of information that has been reported for only a few fungi. 

Sporulation occurred in liquid synthetic media but not so rapidly nor so 
abundantly as in agar media. The favorable effect of agar media is prob- 
ably due to the aerial growth in these media rather than any specifie nu- 
trients contained in agar. 

In the course of the investigation, S. nodorum grew on 48 semisynthetic 
media, with some sporulation occurring on all but eight media. Galactose- 
glycine agar was considered the best medium for maximum sporulation. 
The carbon sources used in the media had less influence on sporulation than 
the nitrogen sources used. Organic nitrogen sources supported more sporu- 
lation than inorganic nitrogen compounds. While this fungus made good 
growth with ammonium sulfate as the nitrogen source, no sporulation took 
place, irrespective of the carbon sources used. Ammonium tartrate allowed 
some sporulation. It is probable that the high acidity produced in media 
containing ammonium compounds was the factor which inhibited sporula- 
tion in these media. It is evident that 8. nodorum has more specific require- 
ments for pyenidium production than for growth and even more specific 
requirements for the production of spores. 


SUMMARY 


Nutritional and environmental factors influencing spore production by 
Septoria nodorum Berk. were studied. 

S. nodorum grew under all experimental conditions tested ; the conditions 
which allowed sporulation were more limited. Spore production was in- 
fluenced by both light and temperature to a greater extent than was vege- 
tative growth and in a different manner. Cultures ineubated under con- 
tinuous light of approximately 100 foot-candles near 20° C. produced 
abundant pyenidia and conidia. However, cultures incubated under low 
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light intensities or at 18° C. or 24° C. produced few or no pycnidia and 


conidia 


Forty-eight semisynthetic media were tested; 40 of these allowed spore 


production. Galactose-glycine agar supported the greatest number of pye- 


nidia. Nitrogen sources greatly influence pyenidium and conidium produc- 


tion, but carbon sources are less important. 


Flooding of the agar plates with a heavy spore suspension yielded better 


spore production than any other type of inoculation. 


L’NIVERSITY OF WEST VIRGINIA 
MORGANTOWN, WEST VIRGINIA 
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SUPERINFECTION BY STRAINS OF TOBACCO MOSAIC VIRUS 
ROBERT W. FULTON 
( Accepted for publication January 30, 1951) 


The resistance or immunity to one strain of virus which occurs when a 
plant becomes systemically invaded by another strain of the same virus was 
first demonstrated by Thung (16) and by Salaman (13). Since that time 
this reaction has been shown to be typical of a wide range of plant viruses. 
Its general applicability has led to the common use of the cross-protection 
test, by which related strains are distinguished by the ability of one to pro- 
tect plants from infection by another. 

It is known, however, that the resistance which occurs as a result of in- 
fection is not complete. Kunkel (10) showed that in Nicotiana sylvestris 
Speg. & Comes immunity from a necrotic-type strain of tobacco mosaic virus 
was limited to the tissues actually invaded by a mosaic-type strain. In a 
number of instances (1, 2, 6, 7, 9, 12, 14) the superinfection of a virus-in- 
fected plant by a second strain of the same virus has been observed. The 
second virus was usually restricted in its spread in these superinfected 
tissues. 

The assumption has been made that superinfection results from the pres- 
ence of a few cells which had not been invaded by the first strain of virus. 
Thus the occurrence of superinfection need not be contradictory to the hy- 
pothesis that one strain of a virus is unable to multiply in a cell occupied by 
another strain of the same virus. This hypothesis, suggested by Kunkel 
(10) and others, assumes that the strain which first enters a cell uses certain 
constituents, rendering the cell unable to support multiplication of another 
strain for which these constituents are essential. 

Some observations suggest, however, that factors other than the presence 
of virus-free cells may be involved in superinfection. Bawden (2) found 
with two strains of potato virus X that protection was complete against 
mechanical inoculation, but not against graft inoculation. Matthews (11) 
showed that two strains of this virus which did not completely protect Da- 
tura stramonium L. against other strains possessed an antigenic fraction 
which was absent from the other strains. 

The present investigation was undertaken following the isolation of what 
Was at first thought to be an unusual strain of tobacco mosaic virus. When 
inoculated to mosaic leaves of N. sylvestris infected with common tobacco 
mosaic virus this strain produced many local lesions. This capacity for 
superinfection was found to be possessed, in varying degrees, by other 
Strains of the virus. It seemed that a quantitative study of superinfection 
might provide some information on acquired immunity and on host-virus 


relationships. 
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MATERIALS AND METHODS 


The hosts used to measure the amount of superinfection were .V. sylvestris 
and N. plumbaginifolia Viv. These species were inoculated with mosaiec- 
tvpe strains of tobacco mosaic virus as soon as two leaves had become 1 to 2 
in. long. The mosaic leaves to which other strains were inoculated were 
thus leaves which had developed after the appearance of systemic symptoms. 
All inoculations were made by wiping virus-containing extracts on leaves 
lightly dusted with carborundum. The leaves were immediately rinsed 
with distilled water. Assays of active virus were made on the V. tabacum 
V. glutinosa hybrid, N. sylvestris, or N. plumbaginifolia, using various half- 
leaf arrangements in different experiments. In some trials extracts were 


prepared by grinding known areas of leaf tissue in measured amounts of 


pH 7 phosphate buffer. In other trials expressed juice of diseased leaves 
was diluted in buffer. All plants were grown in a greenhouse at about 
wf) 2 


The eight strains of tobacco mosaie virus used have been designated, for 
convenience, by capital letters. Strains A, B, C, and D were obtained from 
Dr. James Johnson, A and C having been described (8) by him as ‘‘severe”’ 
and ‘‘mild,’’ respectively. Strains B (Holmes’ (6) ‘‘masked’’) and D 

aucuba) had been previously obtained from Dr. L. O. Kunkel. Strains E, 
G, and I were isolated from field tobacco; strain F, from a yellow patch in 
a leaf of \. sylvestris infected with strain A. Each strain was subjected 
to several suecessive single-lesion transfers before being used experimen- 
tally, and each was thought to be different from the others. 

On NV. sylvestris strain A produced typical mosaic ; strain B produced no 
symptoms or only a faint mottling. Strains C through H produced necrotic 
local lesions on this host, and are referred to as necrotie-type strains. The 
Symptoms on N. plumbaginifolia were similar to those on NV. sylvestris with 
each strain except G, which produced a severe mosaic instead of local lesions. 
On N. tabacum (var. Havana Seed) strains A and E produced typical 
mosaic, strain B was symptomless, strains C and H produced a mild mosaic, 
and strains D, F, and G produced yellow mosaics. 

Strains A and B were maintained by transferring from systemically in- 
fected V. sylvestris leaves. The remaining strains were stored as extracts 


under toluene at 2° C 


EXPERIMENTAL RESULTS 


The initial observations on the superinfection of NV. sylvestris were made 
with strains A and E. When undiluted extracts containing strain E were 
wiped on mosaic leaves infected with strain A, large numbers of local 
lesions were produced. When the extracts were diluted to 1: 100 or 1: 250, 
however, it was apparent that fewer lesions were produced on mosaic leaves 


than were produced on healthy leaves. Similarity in properties and sero- 


logical evidence indicated that both strains A and E were tobacco mosaic 
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virus. The results, therefore, were interpreted as being due to superinfec- 
tion of a virus-diseased plant by another strain of the same virus. 

Although the mosaic leaves were obviously not immune from strain E 
they were much more resistant than healthy leaves. A 1:5 dilution of 
strain E produced approximately the same number of lesions on mosaic 
leaves as did a 1:5 x 10* dilution on healthy plants. Lesions first began to 
appear on the mosaic leaves 24 to 48 hr. later than on healthy leaves, and 
did not all appear simultaneously. Daily counts showed an increase in the 
numbers of lesions on mosaic leaves up to about 6 days after inoculation. 
Also, the lesions on mosaic leaves remained smaller than those on healthy 
leaves. 

Since infection with strain A induced only partial immunity from strain 
E, it was thought that this might indicate that the strains were only dis- 
tantly related. It seemed possible that one strain was atypical and that 
different results would be obtained with other strains. Accordingly strains 
C, D, F, G, and H were obtained, all of which produced necrotic local lesions 
on NV. sylvestris. The ability of strain A to protect against these strains 
was tested in two ways. In one series of trials the necrotic-type strains were 
inoculated to mosaic leaves of N. sylvestris plants which had been infected 
with strain A for 6 to 8 weeks. In another series of trials the necrotic-type 
strains were inoculated to leaves of N. sylvestris, halves of which had been 
inoculated only 4 days before with an undiluted extract of strain A. 

Strains C, D, F, G, and H all produced local lesions on mosaic leaves of 
N. sylvestris infected with strain A. The numbers of lesions produced were 
equal to or, with strains C and H, greater than the numbers produced by 
strain E at the same dilution. It appeared, therefore, that the superinfec- 
tion of mosaic .V. sylvestris leaves by strain E was not atypical, since it oe- 
curred with all the other strains tested. 

Although superinfection occurred readily on mosaic leaves, half-leaves of 
previously healthy \V. sylvestris 4 days after inoculation with strain A were, 
as reported by Kunkel (10), nearly completely protected against all the 
necrotic-type strains. At most, only one or two lesions appeared on the 
previously inoculated half-leaves, as compared to hundreds on the previ- 
ously noninoculated half-leaves. 

Since the presence of strain A in mosaic leaves did not result in complete 
protection against any of the necrotic-type strains, the protective ability of 
other mosaic-type strains was tested. Several of these were thought to be 
relatively pure strains; others, obtained from naturally infected tobacco, 
may have been mixtures of strains. Of 18 strains or isolates of tobaeco 
mosaic virus producing a mosaic on N. sylvestris, none induced a complete 
immunity, in the mosaic leaves, from any of the necrotic-type strains. 

[It was evident that the ability of a necrotic-type strain of tobacco mosaic 
virus to superinfect the mosaic leaves of N. sylvestris infected with a mosaic- 
type strain was typical of all the strains tested, providing they were of 
sufficient concentration in the inoculum. 
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RELATION OF LOCAL LESIONS TO DARK GREEN AREAS OF MOSAIC LEAVES 


Strain A usually produced on leaves of NV. sylvestris a mosaic pattern of 
many small dark green areas surrounded by lighter green tissue. Ocea- 
sionally, however, an infected plant produced a leaf in which large portions 
of the tissue were solidly light green. When such leaves were inoculated 
with necrotic-type strains the local lesions appeared only on the dark green 
portions of the leaf (Fig. 1). Since on most leaves some of the dark green 





Fig. 1. Superinfection produced by inoculating a 1: 250 dilution of strain C of 
tobacco mosaic virus on a mosaice leaf of Nicotiana sylvestris infected with strain A. The 


local lesions are confined almost entirely to the dark green areas. 


areas were no larger than the lesions, it was not always certain that an occa- 
sional lesion which appeared to be in the light green tissue was actually due 
to infection of that tissue. There occurred also a certain amount of chloro- 
sis at the margins of the necrotic lesions. When previously marked or 
mapped leaf portions were inoculated, however, the necrotic lesions ap- 
peared only in tissues which had been dark green at the time of inoculation. 

Relation of superinfection to virus content of tissues. The occurrence of 
necrotic lesions on the dark green portions and their absence on light green 
portions of mosaic leaves suggested that the amount of virus present in the 
tissues might be related to the degree of protection against the necrotic-type 
strains. Holmes (5) showed that there was much more virus in the light 
ereen tissue than in the dark green tissue of tobacco leaves infected with 
tobacco mosaic virus. 

Assays of infected \. sylvestris leaves were made by punching disks of 
tissue 2.5 mm. in diameter from the light or dark green tissue. Five such 
disks were thoroughly ground in 1 ml. of buffer, and two dilutions, 1: 100 
and 1: 500, were made of this extract. These dilutions were inoculated to 
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the hybrid of N. tabacum x N. glutinosa so that each dilution of dark green 
tissue extract was paired with the same dilution of light green tissue extract 
on four leaves of two plants. The results of six trials are in table 1. It 


TABLE 1.--The relative concentration of tobacco mosaic virus (strain 
A) in light and dark green areas of mosaic Nicotiana sylvestris leaves 











Piseus Dilution ie nen on ri optic Say pane 
e rid in each of six tr : Vv 
of extract , tt ll v 
Light green 1;100 1942 764 726 2644 2194 570 1473 
1;500 958 149 216 906 685 176 515 
Dark green 1;100 648 72 25 404 236 =6134 253 
1;500 133 12 5 59 63 42 67 





was apparent that the dark green tissue of mosaic leaves contained much 
less active virus than the light green tissue. 

Since nearly complete local immunity developed within 4 days after 
healthy leaves were inoculated with mosaic-type virus, a further check on 
the relation between virus concentration and immunity was made. Leaves 
of N. sylvestris inoculated with an undiluted extract of strain A were sam- 
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Fig. 2. Coneentration of tobacco mosaic virus (strain A in leaves of Nicotiana 
sylvestris 2, 3, and 4 days after inoculation, relative to the concentration in the light and 


dark green areas of mosaic leaves. 


pled and extracts prepared as described for mosaic leaves. The concentra- 
tion of strain A in these leaves 2, 3, and 4 days after inoculation was com- 
pared with the concentration in light and dark green areas of mosaic leaves 


infected with strain A. The results of five trials are in figure 2. 
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our days after inoculation the virus content of the inoculated leaves 
was much greater than the content of the dark green areas of mosaic leaves, 
and was approaching the content of the light green areas. Thus the de- 
velopment of local immunity following direct inoculation was also corre- 
lated with a high virus content in the tissues. 

While the results indicated that tissues with a low virus content were 
susceptible to superinfection, the possibility remained that in the dark green 
areas of mosaic leaves there might be small groups of cells entirely virus- 
free [f this were the case it should be possible to infect these cells with a 
mosaic-type strain by the same method of direct inoculation which resulted 
in the production of necrotie lesions by the necrotic-type strains. Mosaic 
leaves reinoculated with a mosaic-type strain might then be expected to show 
complete immunity from necrotic-type strains. 

To test this possibility, plants of V. sylvestris systemically infected with 
strains A or B for 6 to 8 weeks were inoculated on one half of each of the 
larger leaves with undiluted extracts containing strains A, B, or one of sev- 
eral field isolates of tobacco mosaic virus. The opposite halves of the leaves 
were wiped in the same manner with extracts of healthy tobacco. At inter- 
vals varying from 4 to 21 days following this inoculation, both halves of the 
leaves were wiped with extracts of strain C diluted 1: 250. Representative 
results on mosaic and previously healthy leaves are in figure 3. In no case 
was there a significant difference in the numbers of local lesions between 
mosaic half-leaves as a result of previous application of mosaic-type virus. 
This occurred in experiments in which the mosaic-type strain applied dif- 
fered from the strain causing the mosaic, as well as in experiments in which 
the strain applied was the same as that infecting the plants. 

The failure to induce local immunity by applying a mosaic-type strain to 
mosaic leaves may not be conclusive evidence that virus-free cells do not 
exist in the dark green tissue. This seems more probable, however, than the 
assumption that the mosaic strain was unable to enter, or to multiply in, 
these hypothetical virus-free cells. It was concluded from these experi- 
ments, therefore, that superinfection did occur in the sense that the necrotic- 
type strains entered and caused necrosis of cells already containing another 


strain of tobacco mosaic virus. 


FACTORS AFFECTING THE AMOUNT OF SUPERINFECTION 


A number of factors are known to influence the amount of infection ob- 
tained when inoculating a healthy plant with a virus which will cause local 
lesions. Several of these factors were investigated with the hope that if 
superinfection of mosaic leaves and the infection of healthy leaves were not 
similarly influenced by the same factor, information might be gained on the 
process ot superinfection. 

Effect of carborundum. The increase in amount of infection resulting 


from the use of carborundum was determined by inoculating one half of 


each test leaf without carborundum, then sprinkling it on the opposite half- 
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leaf and inoculating with the same extract. Mosaic leaves of NV. sylvestris 
infected with strain A were inoculated with extracts of strain C diluted 
1: 250. Healthy leaves of N. sylvestris were inoculated with extracts of 
strain C diluted 1:10*. In three trials an average of 12 lesions per half- 
leaf were produced on mosaic leaves in the absence of carborundum, and 94 
per half-leaf inoculated with carborundum. The half-leaf averages for 
healthy plants were 18 without carborundum, 122 with carborundum. Thus 
the presence of carborundum increased the number of lesions 7.8 times on 
mosaic plants and 6.8 times on healthy plants. The abrasive evidently had 
about the same effect on healthy leaves as on mosaic leaves. 





kia. 3. The local application of tobacco mosaic virus (strain A) resulted, in 4 days, 
in nearly complete immunity in the left half of a previously healthy leaf of Nicotiana 
sylvestris (A), but no additional resistance in the left half of a mosaic leaf of N. sylves- 
tris (B) to inoculation of the entire leaves with a 1: 250 dilution cf strain C. 

Effect of light and darkness. Bawden and Roberts (3) have shown that 
a period of darkness before inoculation increases the susceptibility of healthy 
tobacco to a number of viruses. The effect of previous darkness on the 
amount of superinfection was determined by placing mosaic plants of N. 
sylvestris infected with strain A in complete darkness for 15 hr. At 8 A. M. 
one half of each leaf was inoculated with strain C diluted 1: 250. After 9 
hours’ exposure to sunlight the opposite half-leaf was inoculated with an 
aliquot of the same inoculum. Healthy plants used as controls were treated 
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in the same way, except that they were inoculated with a 1:10‘ dilution of 
strain ( 

In four trials, an average of 48 lesions per half-leaf was produced on 
mosaic leaves inoculated immediately after the dark period, while an aver- 
age of 82 lesions was produced by inoculations made on the opposite half- 
eaves after a period of sunlight. On the healthy control plants the aver- 
ages per half-leaf were 65 lesions after the dark period and 138 lesions after 
the light period. On mosaic plants 1.7 times, and on healthy plants 2.1 
times, as many lesions were obtained by inoculations made after the light 
period as after the dark period. Under the conditions of the experiments, 
illumination influenced the susceptibility of mosaic plants to superinfection 
to about the same extent as it influenced the susceptibility of healthy plants. 

These results differ from those of Bawden and Roberts (3) in that less 
infection was secured after the dark period than after the light period. 
The reason for this difference is not apparent, but may be related to the 
short period of darkness, or to the length of day prior to the start of the 
experiments. The present tests were made during the winter when the 
amount of light was apparently the principal factor limiting the rate of 
plant growth 

Post-inoculation effect of Phytolacca extract. It has been shown by 
Stanley (15) and others that certain virus inactivators are effective when ap- 
plied to leaves within a short time after inoculation. In comparing the 
response of mosaic and healthy leaves to this type of treatment a clarified 
extract of leaves of Phytolacca americana lL. was used as the inactivator. 
Mosaic leaves of WN. sylvestris infected with strain A were inoculated with a 
1: 250 dilution of strain C, and healthy \. sylvestris leaves were inoculated 
with a 1: 10° dilution of strain C. After 40 min. one half of each leaf was 
wiped with a 1:10 dilution of the Phytolacca extract. 

The application of inhibitor reduced the numbers of lesions on both 
mosaic and healthy leaves, the average reduction being 86.5 per cent on 
mosaic leaves and 91.3 per cent on healthy leaves. Apparently there was 
no difference between mosaic and healthy leaves in the reaction to inhibitor 
applied immediately after inoculation. 

Since all of the treatments had about the same effect on infection of 
healthy leaves as on superinfection of mosaic leaves, it seemed likely that 
the fundamental processes leading to the establishment of virus in the tis- 


sues may be similar in both cases. 


VARIATION IN THE SUPERINFECTING CAPACITIES OF NECROTIC-TYPE 
STRAINS OF TOBACCO MOSAIC VIRUS 
In some of the previously reported experiments strains C and H_ pro- 
duced more lesions on mosaic leaves than did the other strains. In order to 
determine quantitatively any differences between the strains, trials were 


made in which different strains were inoculated on opposite halves of mosaic 


leaves. Since there were six strains to be compared, strain C was selected 
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as a standard and compared with each of the other five strains. Two dilu- 
tions of each strain were compared with two dilutions of the standard on 
the opposite halves of eight leaves on two plants. Preliminary trials 
showed that in order to get countable numbers of lesions it was necessary 
to dilute strains C and H 1: 250 and 1: 1250 when mosaic leaves were to be 
inoculated. Strains D, E, F, and G were diluted 1:5 and 1: 25. 

The superinfecting capacities of the six necrotic strains were compared 
on mosaic leaves of N. sylvestris and N. plumbaginifolia infected with strain 
A and on the same species infected with strain B. Mosaic leaves that 
were distorted or did not have approximately the same amount of dark 
ereen tissue on both sides of the midrib were not used. The infectivities of 
the six extracts were compared on healthy plants of these species, using 
dilutions of 1: 10' and 1:5 10* of each extract. Strain G was not inocu- 
lated to V. plumbagimifolia since it produced only mosaic on this plant. 

The results of these comparisons are in table 2. Superinfeetion with 

TABLE 2.--A comparison of the superinfecting capacities of necrotic- 


type strains of tobacco mosaic virus on two species of Nicotiana infected 
with two mosaic-type strains of tobacco mosaic virus 








Pairs of Lesions per half-leaf (av. of 3 trials) produced on; 
superinfect- N. sylvestris infected with: N. plumbaginifolia infected with: 
ing strains Strain A StrainB Healthy StrainA Strain B Healthy 








Cc iis 105 108 30 ig 114 
lp 40 1] 24 39 13 105 
(c 68 87 121 30 8 122 
E 30 6 48 Si 4 142 
(c 119 166 116 54 34 57 
F 37 20 57 62 ll 78 
(c 132 153 113 

G 7 9 16 sais — x 
(c 117 165 106 70 48 164 
H 79 102 26 l l 6 





Dilutions used to inoculate infected plants were, for strains C and H, 
1:250 and 1:1250; for strains D, E, F, and G, 1:5 and 1;25. All strains were 
inoculated to healthy plants at dilutions of 1:10% and 1:5 K 104, 


strain © occurred much more readily than with strains D, E, F, or G. 
More lesions were produced by strain C on mosaic leaves of N. sylvestris 
even though the inoculum was 50 times more dilute than the inocula of the 
other strains. While extracts of strain C were somewhat more infectious 
than the other extracts when assayed on healthy plants, this difference was 
much less than that introduced by dilution. 

When assayed on healthy V. plumbaginifolia the infectivities of strains 
D, EK, and F were approximately the same as infectivity of strain C. On 
infected plants, however, only slightly greater numbers of lesions were pro- 
duced by strains D, E, and F at concentrations 50 times greater than the 
concentration of strain C. 

In comparisons on N. sylvestris strain H was similar to strain C in that 
it produced approximately the same numbers of lesions at the same dilution. 
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N. plumbaginifolia, however, showed considerable resistance to infection by 
strain H, only few lesions being produced on either healthy or infected 
plants. Since the symptoms produced on N. tabacum by strains C and H 
were similar, the data are included as evidence that these two strains were 
not identical. A further difference was that strain H infected tomato, 


whereas strain C did not. 


RATE OF MULTIPLICATION AND SUPERINFECTING CAPACITY OF 
NECROTIC-TYPE STRAINS OF TOBACCO MOSAIC VIRUS 

[It might be assumed that strains which superinfect readily are more dis- 
tantly related to the immunizing strain than are strains which superinfect 
less readily However, infection with strain A afforded about the same de- 
gree of protection against any one necrotic-type strain as did infection with 
strain B. Such differences as did appear were minor ones and were not 
consistent for the same strains on the two hosts. Kor example, strain C 
produced shghtly more lesions on N. sylvestris infected with strain B than 
on plants infected with strain A. On N. plumbaginifolia, however, strain 
B appeared to give greater protection against strain C than did strain A. 
[It is perhaps incorrect to assume that strains A and B are not closely re- 
lated because the diseases they produce are dissimilar, but in the absence of 
any data to the contrary it was thought that greater differences existed be- 
tween these two strains than between any others that were available. It 
may be mentioned that in V. tabacum the strain B, as was also reported by 
Holmes (6), did not completely protect against strain A, as judged from 
the appearance of systemic mosaic symptoms. It appeared that the major 
differences in the amount of superinfection were due to differences between 
the necrotic-type strains, rather than to differences between the immunizing 
strains 

The necrotie-type strains could be placed in two groups, those which 
superinf cted readily C and IH), and those which did so less readily (D, E, 
F, and G In an effort to determine the nature of this difference the rate 
of multiplication of the necrotic-type strains in leaves of N. sylvestris was 
determined. Each of five necrotic-type strains (undiluted extract) was in- 
oculated to one half-leaf of healthy \V. sylvestris, the opposite half-leaf being 
inoculated with strain C. Samples were taken at four successive 12-hr. in- 
tervals after inoculation by punching five disks 4 mm. in diameter from the 
inoculated leaves. The leaves became necrotic between 36 and 48 hr. after 
inoculation, so that the 48-hr. samples consisted entirely of necrotic tissue. 
The samples were frozen immediately and thawed just before being ground 
for assay. The final sample was frozen for 12 hr. or more. Extracts were 
prepared by grinding the five disks in 1 ml. of buffer and diluting this 1: 10. 
Each pair of samples taken at one of the four time intervals was inoculated 
to opposite half-leaves of the NV. tabacum x N. glutinosa hybrid, using one 


leaf on each of four plants to make a 44 Latin square arrangement with 


the four time intervals. The results are in table 3. 
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The differences between the concentrations of the different strains in 
N. sylvestris 48 hr. after inoculation were consistent and marked. Strains 
C and H remained at a rather low concentration, while strains D, E, F, and 
G showed a considerable increase in concentration of active virus. Since 
the 48-hr. sample in each case consisted entirely of necrotic tissue, it was 
concluded that the figures for the final samples represent the ultimate ex- 
tent to which the viruses multiplied before the tissue became necrotic. 
There were few or no differences observable in the time required for each 
virus to produce necrosis. 

The two strains, C and H, which superinfected readily both caused necro- 
sis of healthy tissue with relatively little increase of virus (Table 3). The 
four strains D, E, F, and G, which superinfected less readily, multiplied 
more extensively in healthy tissue before necrosis oceurred. 

TABLE 3.--Extent of multiplication of necrotic-type strains of tobacco 


mosaic virus in Nicotiana sylvestris leaves between the time of inoculation 
with undiluted extracts and complete collapse of the tissue 








Interval between Average® lesions per half-leaf of hybrid produced by 





inoculation and standard samples of leaves previously inoculated with 
sampling (hours) the following strains; 
Cc D E F G ee 
12 9 6 2 5 2 2 
24 7 6 3 10 5 l 
36 12 66 31 79 41 7 
48 25 181 158 174 216 28 





®Average of 12 half-leaves in three trials, except that for strain C the 
figures are the average of 60 half-leaves in 15 trials. 


A similar series of trials measuring the multiplication of the six strains 
in NV. plumbaginifolia gave the same results. Strains C and H multiplied 
much less extensively than did strains D, E, F, and G. It seems significant 
that in both hosts the two strains which produce relatively numerous lesions 
on mosaic plants were able to cause necrosis of healthy tissues without mul- 


tiplying extensively. 
DISCUSSION 


The results reported herein differ in some respects from those reported 
by Kunkel (10), who also used N. sylvestris and at least one of the strains 
(D) used in the present investigation. He reported that the necrotic-type 
strain produced no local lesions when inoculated to mosaic leaves of N. syl- 
vestris. The dilution of extract used for inoculation was not stated, but 
judging from the numbers of lesions produced on healthy leaves the infec- 
tivity was much less than that of the inoculum used in the present study. 
The fact that carborundum was not used was undoubtedly a contributing 
factor also. Since the present work showed that with some strains, of 
which D was one, highly infective inoculum is necessary to produce super- 
infection, it seemed that the apparent variance from Kunkel’s results could 
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be explained on the basis of differences in the infectivities of the extracts 
and in the use of carborundum. 

As a tentative explanation for the occurrence of superinfection the fol- 
lowing hypothesis is proposed. A second strain of virus apparently can be 
introduced into a cell already containing another strain. Whether or not 
visible symptoms will result depends upon the amount of subsequent multi- 
plication. In the cells of the dark green areas of mosaic leaves presumably 
there is available a sufficient amount of necessary constituents, not used by 
the mosaic-type strain, to allow some multiplication of the introduced ne- 
erotic-type strain. If the strain is capable of causing necrosis with rela- 
tively little multiplication, then many local lesions will be produced. There 
are evidently relatively few areas of dark green tissue which can support 
sufficient multiplication to allow the production of necrotic lesions by strains 
which must multiply rather extensively to do so. 

Evidence in support of this hypothesis might have been obtained by dem- 
onstrating that strains D, E, F, and G multiphed in the dark green areas of 
mosaic leaves without causing necrosis. A few attempts were made to de- 
termine the relative amounts of two strains present in necrotic tissue of 
superinfected mosaic plants. It was found that the mosaic-type strain was 
present greatly in excess of the necrotic-type strain. It did not appear to 
be practical, with the methods available, to attempt to assay for the necrotic- 
type strains in the presence of such an excess of the mosaic-type strain. 

The difference in virus concentration between the light and dark green 
areas of mosaic leaves was striking and consistent, regardless of the age of 
the leaf sampled. A problem which seems worthy of further investigation 
is the mechanism which restrains the mosaic-type virus in the dark green 
areas, yet allows a certain amount of multiplication by an introduced 
necrotic-type strain. The absence of inclusion bodies in the dark green 
tissue, as reported by Hoggan (4), is also indicative of some factor restrain- 
ing maximum development of the virus. 

The numerous reports on the use of the cross-protection test in identi- 
fying various viruses indicates that superinfection does not occur commonly. 
[t may be that most viruses are not present in plant extracts in sufficient 
concentration to cause superinfection, or that other viruses are unable to 
multiply sufficiently in any tissue of the test plant to produce visible symp- 
toms. If superinfection occurs without production of additional symptoms, 
it might be more easily detected with some of the less stable viruses than 
with tobacco mosaie virus. 

[It is apparent from the results presented that, in some cases at least, 
‘‘acquired immunity’’ is relative rather than complete. It seems incorrect 
to state categorically that only one strain of a virus may multiply in a single 
cell. The development of mutant strains of virus may be supposed to de- 
pend upon the multiplication of the mutant in a cell containing at least a 
small quantity of the parent virus. The rather common occurrence of mix- 


tures of strains of tobacco mosaic virus in naturally infected plants is prob- 


ably due to the inability of one strain to completely suppress the other. 
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SUMMARY 


When mosaic leaves of Nicotiana sylvestris infected with tobacco mosaic 
virus were inoculated with strains of the virus causing local lesions on this 
host, lesions were produced on the mosaic leaves. Such lesions were much 
fewer in number than on healthy leaves, were slower to appear, and re- 
mained smaller. This superinfection occurred with each of six necrotic- 
type strains of tobacco mosaic virus when inoculated to mosaic leaves of 
N. sylvestris infected with any one of 18 mosaic-type strains or isolates. 

The lesions produced on mosaic leaves appeared only in the dark green 
tissue. This tissue contained much less of the mosaic-type strain than did 
the light green areas. No lesions were produced on halves of N. sylvestris 
leaves which had been inoculated 4 days previously with mosaic-type strains. 
The concentration of virus in these half-leaves was greater than in the dark 
green areas of mosaic leaves. Superinfection thus did not occur in tissues 
with a high virus content. 

The inoculation of mosaic leaves with mosaic strains of tobacco mosaic 
virus did not increase resistance to superinfection by necrotic-type strains. 
From this it was concluded that there were no virus-free cells in the mosaic 
leaves, and that the lesions resulted from the multiplication of the necrotic- 
type strain in cells already containing a mosaic-type strain. 

The use of carborundum, variations in illumination, and the application 
of virus inactivator influenced the amount of superinfection of mosaic 
leaves to about the same extent as they influenced infection of healthy leaves. 

Two of the six necrotic-type strains produced greater numbers of lesions 

mosaie leaves than did the other four strains. When inoculated to 
ealthy leaves of NV. sylvestris these two strains caused complete necrosis 
with markedly less multiplication than did the other four strains. 

Apparently, in the dark green areas of mosaic leaves the necessary con- 
stituents unused by the mosaic-type strain are sufficient to allow some multi- 
plication of an introduced strain. If these introduced strains produce 
necrosis without extensive multiplication, many local lesions are produced. 
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INHERITANCE OF A NECROTIC-LESION REACTION TO A MILD 
STRAIN OF TOBACCO MOSAIC VIRUS! 


PauLt V. V. WEBER 


(Accepted for publication February 3, 1951) 


The production of necrotic local lesions by certain Nicotiana hosts in 
response to inoculation with the tobacco mosaic virus has gained wide usage 
in virus research. The reaction is also recognized as being of paramount 
importance in the development of mosaic-resistant commercial varieties of 
tobacco. 

Although previous investigators have demonstrated the typical genetic 
behavior of the necrotic local-lesion reaction in Nicotiana, they have gen- 
erally used ordinary severe strain, or mixed strains, of the virus. It is now 
known that some strains of this virus yield opposite reactions to that of the 
severe strain on certain species of Nicotiana. Consequently it seemed de- 
sirable to investigate and compare the inheritance of the two types of re- 
actions. 

The inheritance of the necrotic local-lesion reaction induced on a number 
of Nicotiana species by an ordinary severe strain of the tobacco mosaic virus 
was first studied by Holmes (3) in 1934. Included in his list of hosts yield- 
ing this response were N. langsdorffii, a necrotic variety of N. sanderae, N. 
acuminata, N. rustica, and N. glutinosa. The reactions of N. langsdorffii 
and the N. sanderae variety were found to be inherited as single dominant 
factors. The segregation obtained with NV. acuminata, however, was in a 
ratio of 5.5 necrotic : 1 mottling, rather than the expected 3:1 ratio. 

In later articles, Holmes (4, 6) showed that the necrotic reactions of N. 
rustica and N. glutinosa to the virus were usually inherited as single domi- 
nant factors. He designated the genes which determine the necrotic reac- 
tions of these hosts NN, and the corresponding recessive genes which deter- 
mine the chlorotic or systemic-mottling reactions typical of most other 
Nicotiana species, nn. Subsequent work by Kostoff and Georgieva (11) 
seems to verify these findings. 

Holmes (5) demonstrated also that one of two necrotic local-lesion re- 
sponses found in pepper (Capsicum spp.) to the tobacco mosaic virus was 
inherited as a single dominant character, whereas the other was incompletely 
dominant. Earlier (3) he had deseribed a necrotic-lesion reaction to this 
virus in eggplant (Solanum spp.) which appeared to be inherited as an in- 
completely dominant character. 

Kunkel (12) first reported a type of necrotic local-lesion reaction nearly 

1 Aided by a grant from the Wisconsin Alumni Research Foundation. 

The author is indebted to Dr. James Johnson for advice and criticism during the 
work and preparation of the manuscript and for generous provision of material. 

Illustrations were prepared by the University of Wisconsin Photographie Labora- 
tory, or by Eugene H. Herrling. 
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identical to that studied in the present investigation. In 1932 he found 
that the aucuba (‘‘yellow’’) tobacco mosaic strain yielded necrotic local 
lesions not only on N. langsdorffii, N. acuminata, N. rustica, and N. gluti- 


nosa, but also on N. sylvestris, N. tabacum var. Burley, N. tabacum var. 
Little Orinoco, and others. Later, Kunkel (13) showed that, whereas 
aucuba mosaic produced necrotic local lesions on N. sylvestris, an *‘ordi- 
nary’’ strain of the tobacco mosaic virus produced only the usual systemie 
mosaic 

Valleau (15) also found a necrotic local-lesion reaction in certain ordi- 
nary varieties of tobacco (N. tabacum). Ue used the **white’’ mosaie and 
the aucuba mosaie strains of the tobacco mosaic virus. He concluded that 
a necrotic spotting or sensitivity factor, as found in a line of V. tabacum 
var. Judy’s Pride (a White Burley type), was controlled by a single domi- 
nant pair of genes. The possibility that this type of reaction might also be 
inherited as incompletely dominant genes was suggested by Valleau on the 


basis of results he obtained with VV. tabacum var. Ambalema. The genes 


determining these necrotic spotting reactions were designated N’N’ by Val- 
leau and Johnson (17 Several varieties of burley and dark tobacco grown 
in Kentucky were listed as carrying this gene pair. 


The chief purpose of the present investigation was to determine the mode 
of inheritance of the neerotie loeal-lesion reaction of certain Nicotiana 
species to an atypical strain (9) of the tobacco mosaic virus, referred to as 
the *‘mild’’ strain, and to compare this with results of others who used 


‘ordinary ’’ or *‘severe’’ strains of the virus. 


MATERIALS AND METHODS 


Four suitably reacting hosts were available for use as necrotic-type par 
ents at the initiation of this study. These were NV. sylvestris, N. longiflora, 
Clayton’s TL106 (1), and NV. tabacum var. Daruma. 

Johnson (9 found that each of these \ ielded typical necrotic local lesions 
when inoculated with a mild green strain (attenuated) of the tobacco mosaic 
virus, but that they failed to produce necrotic local lesions in reaction to an 
ordinary, severe strain of this virus. Only symptoms of the typical systemic 


mosaic disease resulted in this latter case. The reactions of N. sylvestris 


of these two strains (Fig. 1) are typical of this group. 

Clayton’s TL106 is a wildfire-resistant tvpe of tobacco selected by Clay 
ton l from the cross .V. tabacum N. longiflora. 

Although V. tabacum var. Daruma appears to be a Japanese variety, its 
exact parentage was not known 

[In addition, Holmes Samsoun and Kentucky 56, types of tobacco which 
react with necrotic local lesions to both strains of the virus, were used as 
parent plants in two of the crosses. These parents carry the VN genes de- 


rived rrom \ qlutinosa 
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Two main ¢lasses involving six lines of crosses were studied during this 
investigation. These were as follows: 
A. Interspecific crosses. 
1. NV. tabacum var. Havana Seed (systemic mottling) « NV. 


(necrotic lesions ).° 


sylvestris 
2. N. longiflora (necrotic lesions) x NV. alata (systemic mottling). 
B.  Intervarietal crosses. 

1. NV. tabacum var. Havana Seed (systemic mottling) « Clayton’s TL106 


(necrotic lesions ) 














Fig. 1. Leaves of the tobacco hybrid Nicotiana tabacum « N. glutinosa, left, and of 
N. sylvestris, right. The left side of each leaf shown was wiped with a dilution of the 
severe strain of the tobacco mosaic virus and the right side with the mild strain. Note 


that only the mild strain of the virus produces necrotic local lesions on N. sylvestris. 


2. N. tabacum var. Havana Seed (systemic mottling) x NV. tabacum var. 
Daruma (necrotic lesions) and N. tabacum var. ‘‘ American’”’ 
(systemic mottling) x Daruma. 

3. Holmes Samsoun (VN) x VN. tabacum var. Daruma (necrotic lesions). 

4. Kentucky 56 (NN) x Havana Seed (systemic mottling). 


The systemie mottling varieties used in these crosses showed typical 
systemic symptoms of tobacco mosaic, corresponding in severity to the strain 
of the virus used. 


2 The female parent will always be 


written first in the cross designations used in 
this paper, 


‘*American’’ is not a United States type but evidently is of South American origin. 
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for virus material, two single-lesion, pure-line strains (9) of ordinary 
tobacco mosaic virus (tobacco virus 1) were used throughout this investiga- 
tion. Although it is recognized that several other similar strains exist, 
these strains will be referred to simply as the *‘mild’’ and ‘‘severe’’ strains 
for purposes of this study. 

The ‘‘mild,’’ or attenuated, green mosaic strain was originally isolated 
by Johnson (9) from noninoculated leaves of sea-holly (Buttonsnakeroot), 
Eryngium equaticum L. The chief characteristic of this strain from the 
standpoint of this investigation is that it produces typical necrotic local 
lesions on .V. sylvestris as well as on N. glutinosa and the hybrid host (NV. 
tabacum x N. glutinosa Kio. 1). Strains similar to, or identical with, the 
mild strain have been isolated several times from collections of tobacco 
mosaic from various Wisconsin tobacco farms. Hence, the strain is prob- 
ably commonly present in ordinary field tobacco mosaic virus. 

The ‘‘severe’’ green mosaic strain of the tobacco mosaic virus was orig- 
inally isolated from a field collection of mosaic tobacco. The chief charac- 
teristic of this strain is that it does not produce necrotic local lesions on 
V. sylvestris (Fig. 1) and similarly reacting hosts, but systemic mosaic in- 
stead. As far as tested, the severe strain has induced much the same reac- 
tions in Nicotiana species as those reported by Holmes (7) for the typical 
distorting strain of the tobacco mosaic virus. 

A type of aucuba mosaic, namely, a mild-yellow mosaic strain, was in- 
cluded in occasional trials for comparative purposes. This strain resembles 
the mild (attenuated) green mosaic strain in that it produces necrotic local 
lesions on JN. sylvestris and on several other Nicotiana hosts which yield 
only systemic mottling with the severe strain. The mild-yellow strain is 
clearly distinguished from the mild-green mosaic strain on the basis of 
symptoms on Havana Seed. 

Extracts for inoculations were obtained by expressing juice from dis- 
eased tobacco plants. These were stored as stock inoculum under toluene at 
t° C. to reduce fermentation. 

The plants to be inoculated were grown in composted soil in 4-in. pots. 
Greenhouse temperature normally ranged from 75° to 85° F. The plants 
were usually grown until the largest leaves were from 3 to 5 in. long before 
they were inoculated. It was desirable to use only stocky, green, vigorously 
growing plants in order to obtain typical necrotic local lesions. 

[Inoculations were made by dipping a cheesecloth pad in the properly 
diluted infective extract and lightly wiping it over the surface of the leaves 
previously dusted with carborundum powder. Usually at least three leaves 
of each plant were inoculated. For the comparison of two or more strains 
of the virus, inoculations were often made on opposite half-leaves of the 
same plant 

The \. tabacum « N. glutinosa hybrid (8) and either Daruma or N. syl- 
vestris were included in each trial as control plants. These indicated the 
concentration of the inoculum, and the latter two hosts, in addition, checked 
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the absence of the mild strain in the severe strain inoculum. JN. acuminata, 
which shows necrotic local lesions with the severe strain and only systemic 
mottling with the mild strain, was occasionally included in the tests to 
check the absence of the severe strain in the mild strain inoculum. 

A plant was not considered to be of the necrotic type unless at least five 
necrotic local lesions developed on at least one inoculated half-leaf. This 
procedure allowed for such occasional contamination of strains as might 


TABLE 1.--The reaction of certain Nicotiana species and varieties 
when inoculated on opposite half-leaves with the mild and severe strains 
of tobacco mosaic virus 











, —______ as 
Number Reaction of plants 
Species or variety of plants Necrotic Necrotic Mottling 
inoculated with both with mild with both 
strains strain only strains 
(Number) (Number) (Number) 
N. sylvestris........ iene coeys 25 0 25 0 
Pe PIN OD ns inincnccccsssenvence 10 0 10 0 
PP EE cotanack asses sadbecstxduecs 30 10 2 18 
Pe; IN nts as cwivnns sexe sen 8 0 0 8 
N. tomentosiformis .,........... 7 0 0 7 
Pe, SND ce cdGdcnensiesesevieres 4 4 0 0 
Holmes Samsoun .............<. 61 61 0 0 
Clayton’s TL106....... oe 9 0 9 0 
N. tabacum var. 
MEPOOUTOOLOR oie ccicssvscnedeses 14 0 0 14 
Connecticut Broadleaf ....... 7 0 7 0 
IDS ores bat eaadaciemaaeks 11 0 ll 0 
PR NDEEE c ic csackunscacinewses 40 0 0 40 
Maryland Broadleaf .......... ll 0 ll 0 
Pennsylvania Broadleaf ..... 14 0 14 0 
WORERG TOCEICY occ sesecisancecs 
FeO Se Prige™ 6 ccccvccnessss 3 0 0 3 
RN te Na 7 0 7 0 
White Stem Orinoco ,......... 24 0 24 0 
Wisconsin Seedleaf ........... 14 0 0 14 
DRT ENE vc cccascrccnckencs 7 0 7 0 
OIE ose iv sdesndcsvecsns 7 0 0 7 
c.g rT See 29 0 0 29 
PID occ cucnucuyawabeousyienes 25 0 25 0 
Renee 11 0 10 l 
Ee nonene anne 9 0 8 l 
Turkish 
Xanthia ........ SEE Coe nn 11 0 0 
Three unnamed varieties.. 19 0 0 
Four named varieties ..... 75 0 35 40 
Five unnamed varieties ... 54 0 0 54 





® Twenty additional plants, inoculated only with the mild strain, all 
yielded mottling symptoms and no necrotic local lesions. 


>The mottling symptoms are very mild or not visible, but the virus is 
recoverable from noninoculated leaves. 


©**American’’ is a foreign variety. 








(VoL. 4] 
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result from applying two virus strains on opposite half-leaves. Usually, 
from 25 to 100 such lesions developed. Failure to develop necrotic local 
lesions was not recorded until at least 3 days after inoculation, and usually 
t to 7 days had elapsed. It was assumed that a plant failing to 
develop necrotic local lesions in this period would finally become system 


not until 


ically inte eted. 








S. 





I es of eight varieties of N. tabacum showing reactions to the 
! 1 sti of the tobacco mosaie virus. A. Havana Seed. B. Cuban. C. White Stem i 
Orinoes » Yellow ’rvor. Ek. Connecticut Broadleaf. F. Kelley White Burley. G. 
M I H. N. tabacum var. atropurpurea, Photographed by Eugene H. 
Hi g 
In ( interpretation of experimental results, observed ratios were tested 
for goodness of fit as outlined by Sinnott and Dunn (14 


REACTIONS OF CERTAIN NICOTIANA SPECIES AND VARIETIES 
Although the reactions of some species of Nicotiana and of some varie 
Tl Ot \ rabacum 
t seemed desirable at the outset, and during the course of this in 


to the mild and severe strains of tobacco mosaic were 


to verify or determine the reactions of all available host plants. 


Ti@wation 




















— — 
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The results of a group of such tests are in table 1. It is obvious from this 
test that a few Nicotiana species, and several varieties of N. tabacum, yield 
local lesions with the mild strain only. 

In the course of this investigation it was found that several of the 
standard, commercial varieties of tobacco grown in the United States, while 
becoming systemically infected with the severe strain of the tobacco mosaic 
virus, are evidently resistant to systemic infection by the mild strain by 

9 


virtue of their necrotic-lesion reaction | Mig. rE 


INHERITANCE IN INTERSPECIFIC CROSSES 


NV. tabacum (systemic mottling N. sylvestris ( necrotic lesions). The 
Kk’, generation, but no I’, seed, was obtained from this cross. Sterility in 
this hybrid has been encountered by others. All of 100 F, plants tested 
from this cross yielded a peculiar type of necrotic local-lesion reaction to the 
mild strain. This reaction appeared as poorly demarcated necrotic local 
lesions that were much smaller and less regularly shaped than those typical 
of the necrotic-type parent, V. sylvestris. In most instances, these lesions 
appeared to be intermediate in size and tvpe between a typical necrotic 
local lesion and no necrotic reaction to inoculation. The typical intermedi- 
ate-type reactions usually occurred on the middle leaves of the plant. The 
severe strain induced systemic mottling but no necrotic lesions in these 
plants. 

In addition, the mild strain, like the severe strain, became systemic in 
the F, plants and could be recovered from the new noninoculated leaves. 
In this respect, the F, behaved similarly to its systemic-mottling parent, 
N. tabacum. 

Krom these results, it is concluded that the necrotic-lesion reaction of 
NV. sylvestris is incompletely dominant in the F, of the cross with Havana 
Seed. 

N. longiflora (necrotic lesions N. alata (systemic mottling). With 
this cross, as with the previous one, the F, generation, but no F, was ob- 
tained. The 24 F, plants grown all yielded necrotic local lesions with the 
mild strain, as did the VN. longiflora parent. Eighteen F, plants inoculated 
with the severe strain vielded only systemic mottling. Many repetitions of 
a backcross, with V. alata as the pollen parent, resulted in sufficient back- 
cross seed for further study. When the mild strain was inoculated to 194 
plants of this backcross generation, 97 plants yielded typical necrotic local 
lesions, and 97 plants failed to react necrotically. Hence a segregation in 
an exact 1:1 ratio was obtained. In no case was the mild strain observed 
to produce a systemic mottling in the new noninoculated leaves of a necrotic- 
type plant. One hundred and thirteen of these same plants had been in- 
oculated at the same time, on the opposite half of the leaves, with the severe 
strain of the virus. All these latter inoculations resulted in systemic mot 
tling only. 

[It is concluded from the results of this cross that the necrotic local-lesion 
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reaction of NV. longiflora to the mild strain is determined by a single Men- 
delian factor which is dominant in crosses with the systemic-mottling va- 
riety of N. alata. 
INHERITANCE IN INTERVARIETAL CROSSES 

N. tabacum var. Havana Seed (systemic mottling) x Clayton’s TL106 
Efforts to obtain viable seed from the cross NV. tabacum » 
V. longiflora were unsuccessful. E. E. Clayton (1), however, secured a 
fertile line which he designated TL106. Since this host had been found in 
this laboratory (9) to react uniformly with necrotic local lesions to inocula- 
tions with the mild strain, TL106 was substituted for N. longiflora in a cross 


ne crotie le SiOnNS 


with Havana Seed. 
The resulting segregations are in table 2. Again the intermediate type 


TABLE 2,--The reaction of the F], F2 and F3 generations of the cross 


N. tabacum var. Havana Seed (systemic mottling) x Clayton's TL106 (ne- 
crotic lesions) when inoculated with the mild and the severe strains of the 


tobacco mosaic virus 

















Generation Plants inoc- Reaction of plants to X2 Plants inoc- 
ulated with the mild strain for ulated with 
mild strain Ne- Inter- Mot- 1;2:;1 severe 
crotic mediate tling ratio strain® 
Number Number Number Number Number 
F) and reciprocal 78 0 78 0 78 } 
F2 and reciprocal 754 192 358 204 2.30b 45 
Two F3 families 72 72 0 0 22 
Eight F3 families 329 79 150 100 5 24° 18 


One F3 family 50 0 0 50 22 





All plants of all generations that were inoculated with the severe 
strain yielded only systemic mottling to that strain. 





bp = 0.32--a fair fit since X? is well below 5.99. 
“Pp > 0.08--a rather poor fit since X* is not far below 5.99 
of reaction, as seen in the cross with NV. sylvestris, was found. Following 
inoculations with the mild strain, the F. generation segregated in fairly 
1:2:1 ratio of plants showing typical necrotic 


close agreement with a ae 
lesions : plants yielding intermediate-type lesions : 


Leaves illustrating the three reaction classes ob- 


plants showing systemic 


mottling, respectively. 
tained in the F. are shown in figure 3. 

The F, generation substantiated the hypothesis that a single pair of in- 
completely dominant factors determined the necrotic reaction of Clayton’s 
TL106, although the segregation of reactions of the limited number of 
families did not approximate a 1:2:1 ratio so closely as 
However, the presence of the expected classes of 
1:2:1 ratio supports the hypothesis of 


heterozygous F 
did the F. generation. 
families in numbers suggesting a 


incomplete dominance. 
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It is concluded that the necrotic local-lesion reaction of Clayton’s TL106 
to the mild, or attenuated, green mosaic strain of the tobacco mosaic virus 
is governed by a single, incompletely dominant factor in crosses with Ha- 
vana Seed. 

For comparative purposes, opposite half-leaf inoculations were made 
with the mild or attenuated green mosaic strain and a mild-yellow mosaic 
strain of the tobacco mosaic virus. Nineteen plants of Clayton’s TL106, 
six Ff, plants of the cross TL106 x Havana Seed, and 27 F, plants from this 
cross were tested. The results obtained with these two strains were iden- 
tical, except for small differences in the type of lesions produced and the 
greater tendency for the mild-yellow strain to become systemic in TL106. 
In both cases an F, segregation of 7 plants with necrotic lesions : 14 plants 





Fic. 3. Reactions typical of the three classes of segregates in the F, of the cross 


Clayton’s TL106 (necrotic lesions) x V. tabacum var. Havana Seed (systemic mottling). 
The left side of each leaf shown was wiped with a dilution of the severe strain of the 
tobacco mosaie virus and the right side with the mild strain. Note the intermediate type 


of reaction to the mild strain shown by the center leaf. 


with intermediate lesions : 6 plants with systemic mottling was obtained. 
Each plant reacted with either local lesions to both strains or systemic 
mottling with both strains. This segregation obviously fits a 1:2: 1 ratio. 
Thus it seems that the necrotic local-lesion reaction of Clayton’s TL106 to 
the mild-yellow mosaic strain is inherited in the same manner as Is its reac- 
tion to the mild or attenuated green mosaic strain of the virus principally 
used in this study. 

TL106 resembles its NV. tabacum parent, White Stem Orinoco, more 
closely than its NV. longiflora parent both in its habit of growth and the ap- 
pearance of its necrotic local lesions in reaction to the mild strain. Thus, it 
seems more likely that the necrotic lesion reaction of Clayton’s TL106 was 
contributed by the V. tabacum parent rather than by N. longiflora. 


N. tabacum (systemic mottling) x Daruma_ (necrotie lesions ). Two 
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crosses involving the necrotic-lesion reaction of the variety Daruma and the 
systemic-mottling reaction of Havana Seed types were available for study 
early in this investigation. These were Havana Seed x Daruma, and the 
reciprocal, and Wisconsin Seedleaf (systemic mottling) x Daruma. At the 
same time, a third cross, ‘‘ American’’ (systemic mottling) x Daruma, was 
studied. The results from these three crosses will be considered together. 
The combined results, tabulated on the basis of complete dominance of 
the necrotic-lesion character of Daruma, are in table 3. The fit to a 3:1 
ratio of the segregation of necrotie to non-necrotic-type plants is poor in the 
total F., although satisfactory in each of the included F, generations. The 


TABLE 3.-- The reactions of the F|, F2, and F3 generations of the 
crosses N. tabacum var. Havana Seed (systemic mottling)  N. tabacum 
var. Daruma (necrotic lesions) and N. tabacum var. *‘American”’ (system: 
ic mottling) Daruma when inoculated with the mild and the severe 
strains of the tobacco mosaic virus 








Plants inoc- Reaction of plants Dev. Plants inoc- 








Generations ulated with to the mild strain tage ulated with 
and crosses mild strain fit to 3:1 severe 
Necrotic Mottling ratio® strain b 
Number Number Number Number 
F, (3 crosses) ...... 85 85 0 51 
F> Havana Seed 
< Daruma and 
reciprocal .........: 205 143 62 L.7 17s 
F > Wisconsin Seed- 
leaf X Daruma.... 303 212 91 2.0 182 
F> ‘‘American’’ X 
Te: 322 237 85 0.4 197 
Total F2(3 crosses). 830 592 238 2.5 554 
F3--5 families ....... 262 262 0 
13 families .,..... 544 411 133 0.5 
10 families ....... 42 0 424 0 





* If Dev./S.E. is 2.0 or less, population is probably an example of a 3:1 


ratio, 


Pal plants of all generations that were inoculated with the severe 
strain yielded only systemic mottling to that strain. 
segregations of the segregating F, families closely fit a 3:1 ratio. The F 
families were not chosen at random (although F, parental reactions were not 
exactly known), and therefore their segregations with respect to each other 
are not expected to conform to any genetic ratio. 

A trial was made in which F, plants of these three crosses were inocu- 
lated with the mild strain only. It was observed, especially in the F, gen- 
erations of the crosses involving Havana Seed types of tobacco, that the 
necrotic local lesions produced were intermediate in type. Furthermore, a 
mild systemic mottle or mosaic and sometimes a systemic necrotic symptom 
developed in the new noninoculated leaves, and the mild strain was recov- 


ered from these leaves. Consequently it seemed most likely that the necrotie- 
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lesion character of Daruma was incompletely dominant in all these crosses, 
rather than completely dominant as first supposed. Data assembled on the 
hypothesis of incomplete dominance are in table 4. The F, data closely fit 
the hypothesis in only one case because of the fact that the intermediate 
class was not clearly recognized until toward the termination of the obser- 
vations. The segregations of the heterozygous F, families, on which obser- 
vations were made later, correspond more closely to a 1:2:1 ratio. It is 
concluded from these crosses that the necrotic-lesion character of Daruma 
is inherited as a single incompletely dominant character. 

The F, generations of crosses between three commercial varieties of 
N. tabacum, which yield necrotic local lesions to the mild strain, and the 
systemically mottling Havana Seed variety were also studied. These crosses 


TABLE 4.--The incompletely dominant local-lesion character as shown 
in the crosses N. tabacum var. Havana Seed (systemic mottling) & N. ta- 
bacum var, Daruma (necrotic lesions) and N. tabacum var, ‘‘American"’ 
(systemic mottling) x Daruma when inoculated with the mild strain of the 
tobacco mosaic virus 








Plants Reaction of plants to the X? for 

Generation inocu- mild strain fit to 
and crosses lated Necrotic Inter- Mottling 1;2;1 
mediate ratio® 





Number Number Number Number 


dé ee ee 94 0 94 0 
F, Daruma Xx Havana 

Seed and reciprocal .... 96 25 46 25 0.17 
F2 Wisconsin Seedleaf X 

ITEP cick anatacasindonnnes 121 41 46 34 7.76 
F> **American”’ X 

eT OTRO eee 125 42 48 35 7.51 
Total F2 (3 crosses) ...... 342 108 140 94 12,39 
F 3heterozygous families 

ton farmblies). ..ccccccscese 283 58 146 79 3.40 





®1¢ X2 value is 5.99 or less, population is probably an example of a 1;2:1 
ratio. 


were; Orinoco x Havana Seed, Havana Seed « Cuban, and Havana Seed » 
Maryland Broadleaf. Limited trials showed that the mild strain first in- 
duced intermediate-type lesions in the F, plants, and later systemically in- 
fected these plants in each of these crosses, with resulting mottle in the new 
leaves. These results were consequently similar to those secured with 
Daruma. 
INHERITANCE IN CROSSES WITH THE NN FACTOR 

Holmes Samsoun (NN) = N. tabacum var. Daruma (necrotic lesions). 
In order to determine the relation between the VN genes from N. glutinosa, 
and the factors from N. tabacum var. Daruma which yield neerotie local 
lesions with the mild strain but not with the severe, a cross between Holmes 
Samsoun (VV) and Daruma was studied. Holmes Samsoun is a Samsoun- 
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like line of the necrotic-type tobacco which carries the necrotic factor de- 
rived from NV. glutinosa. 

As shown in table 5, the F,; progeny from this cross did not vield a uni- 
form reaction such as might be expected in an F, generation. This was 
equally true of each of the three repetitions of this cross, the F, results of 
which were combined to make up these data. No certain explanation for 
these results has been found. Neither contamination of the cross at the 
time it was made, nor heterozygosity of parental material seems to be a 
likely explanation. Nor do chromosomal irregularities explain these results. 
That a nonuniform F, is not always to be expected in a cross involving the 
NN factors from VV. glutinosa and the necrotic-lesion factors from Daruma 
is Shown by results of trials with the F, of the cross Daruma and Kentucky 


a6 (NA Twenty-eight inoculated F, plants from this cross uniformly 


TABLE 5,--The segregation of the F] , F2, and F3 of the cross Holmes 
Samsoun (V/WV)and Daruma (necrotic lesions) when inoculated on opposite 
half-leaves with the mild and the severe strains of tobacco mosaic virus 








Plants Reaction of plants Dev sor 
Generation inocu- Necrotic Necrotic Mottling S.E. 
lated with both with mild with both fit to 3:1 
strains strain only’ strains ratio® 





Number Number Number Number 


F) (3 lines) 215 162 42 Ll 
2. 5 eee 84 64 0 20 0.3 
SS 2 Seer 347 261 86 0 0.09 
F3 family 1b......... 57 57 0 0 
F3 families 2,3,4,5 152 109 43 0 0.9 
F>5 families 6,7,8 131 0 | 0 

61 23 38 0 


F3 family 9 ........ ne 





®If Dev./S.E. is 2.0 or less, population is probably an example of a 3;1 
ratio, 


ball F 3 families were grown from F3, line 3. 


vielded necrotic local lesions with both strains of the virus. Furthermore, 
there is no previous report known to the author of a cross involving N. 
glutinosa (NN) or its derivatives and . tabacum which has resulted in 
other than a uniform F, generation of necrotic-type plants. 

For the purpose of this investigation it is assumed that, although the 
cause of the aberrant F, results is unknown, the subsequent F, and F 
results were not further altered by the same unknown cause. 

Three plants from one of the three previously mentioned F, progenies 
between Holmes Samsoun and Daruma were grown and self-pollinated for 
the production of I, seed. The first F. line yielded only systemic mottling 
with both strains of the virus. The second F, line (Table 5) segregated in 
close approximation to a 3:1 ratio of plants yielding necrotic lesions with 
both strains of the virus to plants yielding systemic mottling with both 


strains 
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The third F, line (Table 5) segregated in an almost perfect 3:1 ratio of 
NN-type reactions to Daruma-type reactions. Figure 4 shows reactions 
typical of the two classes of segregates obtained in this F, line. With the 
exception of one family, the fF generation from line 3 segregated according 
to the single-factor hypothesis. The aberrant segregation of F, family 9 
may have been due to irregular chromosome behavior. 

The conclusion drawn from the results of the crosses between Holmes 
Samsoun and Daruma is that the well-known necrotic local-lesion factor of 
N. glutinosa is probably a single Mendelian dominant allele of the necrotic- 


lesion factor of Daruma. 





Fig. 4. Reactions typical of the two classes of segregates obtained from the third 
F, line of the cross Holmes Samsoun (NN) x N. tabacum var. Daruma (necrotic lesions). 
The left side of each leaf shown was wiped with a dilution of the severe strain of the 
tobacco mosaic virus and the right side with the mild strain. 


Is the necrotic-lesion reaction of Holmes Samsoun to the mild strain de- 
termined by the same genes that govern its reaction to the severe strain? 
The segregation of the second F. line (line 2, Table 5) of the cross Holmes 
Samsoun x Daruma bears on this question. Sixty-four plants in this F, 
family yielded necrotic local lesions with both strains of the virus, whereas 
20 plants reacted with systemic mottling to both strains. This segregation 
is a close fit to a 3:1 ratio. This indicates that the necrotic reactions of 
Holmes Samsoun (VN) to the two virus strains are determined by the same 
genes. It also shows that the glutinosa type of necrotic local-lesion reaction 
is a single Mendelian dominant allele of the completely systemic mottling 


reaction of Havana Seed. 
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Kentucky 56 (NN) x Havana Seed (systemic mottling). The F, gen- 
eration of this cross segregated into 100 plants yielding necrotic local lesions 
to both the mild and the severe strains of the virus and 40 plants producing 
only systemic mottling with both strains. This segregation is clearly an 
example of a 3:1 ratio. These results support the hypothesis that the 
necrotic local-lesion reactions of Holmes Samsoun to the mild and the severe 
strains of the tobacco mosaic virus are determined by the same gene pair, 
namely the NN genes. Furthermore, these results again show these NN 
genes to be the dominant alleles of the genes determining the completely 


systemic mottling reaction of Havana Seed. 
DISCUSSION 


Holmes (3, 4, 6) has shown that the necrotic local-lesion reaction of 
certain Nicotiana hosts to a distorting, or severe, strain of the tobacco mosaic 
virus was usually inherited as a single dominant character. In contrast to 
this, the necrotic reaction to the mild strain of the virus, studied in the 
present investigation, was inherited in one of two ways, depending on the 
parent hosts used. 

When Kentucky 56, which carries the glutinosa NN genes, was crossed 
to Havana Seed, the necrotie-lesion reaction to the mild strain was inherited 
exactly as was the necrotic reaction to the severe strain, and exactly as was 
the reaction previously studied by Holmes (6). However, when such ne- 
erotic hosts as Clayton’s TL106 and Daruma were crossed to Havana Seed, 
the necrotic reaction to the mild strain was inherited as a single, incom- 
pletely dominant character. In this respect, the inheritance of this latter 
reaction differs from that reported by Holmes (6), and also from that found 
by Valleau (15) for the dominant necrotic reaction of N. tabacum var. 
‘Judy’s Pride to a white and an aucuba strain of the tobacco mosaic virus. 
However, Valleau’s conclusion (15) that the necrotic reaction of Amba- 
lema to the above two virus strains may prove to be an example of partial 
(incomplete) dominance is strengthened by the results of the present study. 

The incomplete dominance of the necrotic local-lesion reaction of egg- 
plant and of certain varieties of pepper to the tobacco mosaic virus, dem- 
onstrated by Holmes (3, 5), makes a similar mode of inheritance of such a 
reaction in certain Nicotiana hosts seem a likely possibility. 

Holmes (6) designated the genes originally derived from N. glutinosa, 
which determine its necrotic local-lesion reaction to a distorting or severe 
strain of the tobacco mosaic virus, NN; and the corresponding recessive 
alleles present in non-necrotic N. tabacum varieties such as Burley, Sam- 
soun, and Connecticut Broadleaf, nn. However, the results of the present 
study show that certain varieties of V. tabacum may react oppositely to two 
strains of this virus. Therefore, in order to determine the genotype of a 
given variety with respect to its reaction to the tobacco mosaic virus, at 
least two strain types, a mild and a severe, must be used. It is believed 
that the designation nn should be applied to the genes which determine the 
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reaction to the tobacco mosaic virus of such host plants as Havana Seed 
tobacco. 

The gene pair which determines the necrotic local-lesion reactions of 
Clayton’s TL106 and N. tabacum var. Daruma to the mild strain of the 
tobacco mosaic virus is designated n‘n*. This gene pair very probably also 
determines the necrotic reaction of N. sylvestris, N. tabacum var. Connecti- 
cut Broadleaf, and a number of other varieties of tobacco to this strain of 
the virus. It is assumed that this gene pair also determines the systemic- 
mottling reaction of these hosts to the severe strain of the virus. The 
superscript s in the above designation represents the typical reactions of 
N. sylvestris to the two strains of the tobacco mosaie virus. The genes n*n* 
are incompletely dominant alleles of the previously discussed nn genes for 
the completely systemic mottling reaction. The well-known NN genes are 
believed to be the dominant alleles of both the n*n* and the nn genes. It is 
proposed that these three gene pairs are members of a series of multiple 
alleles in the following order, NN, n‘n*, nn. For a plant to be considered 
as definitely carrying the n*n* genes, its reaction to the mild strain must be 
inherited as an incompletely dominant character in crosses with hosts bear- 
ing the nn genes. 

The results of the cross between Holmes Samsoun and Daruma, on which 
the conclusion that the NN factors are the dominant alleles of the n’n* 
factor is based, may be considered by some as aberrant in any of several 
respects. First, the F, showed three classes of reactions when inoculated 
with the tobacco mosaic virus. These results have already been discussed. 
Secondly, with the exception of one F, family, definite 3:1 ratios of 
reaction classes were obtained in the F, and F, generations. According to 
Gerstel (2), an unassociated pair of glutinosa and tabacum chromosomes 
occurs in hybrids between Holmes Samsoun and N. tabacum varieties. Ga- 
metic elimination follows, and normal ratios are distorted. Thus roughly a 
1:1 rather than a 3: 1 ratio would be expected in the F, of this cross. Why 
such results were not obtained in the present investigation is not known. 
Perhaps in this particular cross, the glutinosa and tabacum pair of chromo- 
somes usually pair and only occasionally fail to associate. This could also 
account for the irregular segregation of F, family 9 (Table 5). This in- 
terpretation has been adopted by the author as applying to this ease. 

It is impossible to state definitely whether or not the genes designated 
n*n* also determine the necrotic reaction of N. longiflora, which is similar to 
that of NV. sylvestris. This is because the reaction of N. longiflora was 
completely dominant over the reaction of N. alata, the only systemic-mottling 
parent with which it was crossed in this investigation. 

According to Valleau (16), the N’ factors in N. tabacum are probably 
allelomorphs of the N factors in V. glutinosa carried on homologous chromo- 
somes. Relationships between the n*n* genes and the N’N’ genes have not 
been investigated. However, limited trials with a mild strain of the yellow 
tobacco mosaic virus (aucuba mosaic), made in the course of the present 
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investigation, indicate that, in the case of some varietics of tobacco, these 
gene symbols may be synonymous. No definite information is at hand re- 
garding this possibility, and further work should be done in this connection. 
The complete dominance of the N’N’ factors as opposed to the incomplete 
dominance of the n‘n* factors should aid in their separation. 

Vicotiana tabacum is fundamentally tetraploid. Consequently it is pos- 
sible that a second pair of factors, in addition to one of the group now recog- 
nized, also influences the reaction of V. tabacum to the virus. In this case, 
the unexpressed functioning of these factors may be explained by the as- 
sumption that they are always in the dominant condition. 

The results of previous workers studying other characters support the 
conclusions of the present investigator as to the inheritance of the necrotic 


reaction of \V. longiflora Holmes (3) obtained similar results from a cross 


vetween necrotic and non-necrotic varieties of N. sanderae (N. alata), and 
from one between \. langsdorffii (necrotic) and N. sanderae (non-necrotic 
in reaction to a distorting, or severe strain of the virus. V. langsdorffi and 


V. alata belong to the same taxonomic section as does N. longiflora. (Kostoff 
10) states that the characters of the taxonomic group to which \V. longiflora 
and .\. alata belong are inherited chiefly monogenetically. 

Th possibility that the necrotic local-lesion reaction to the mild strain 
will be Incorp rated into non-necrotic¢ varieties of tobacco for purposes of 
resistance to the tobacco mosaic virus is remote. The resistance afforded by 
the NN factors from \. glutinosa is far s iperior for this purpose because it 
provides resistance to the severe, as well as to the mild, strain of the virus. 
The chief significance of this investigation to the breeder for disease re- 
sistance lies in its emphasis on the precaution that in breeding for re- 
sistance to a virus, more than one strain of the virus should be ineluded in 
routine tests 

Finally, an intriguing problem lies in the unraveling of the three types 


¢ 


OT reactions to the TWO virus strains exhibited by the species N. alata. 


SUMMARY 


The necrotic local-lesion reaction of Nicotiana sylvestris, Clayton’s 
TL106, V. tabacum var. Daruma, and several other varieties of NV. tabacum 
to the mild, or attenuated, green mosaic strain of the tobacco mosaic virus 
Was incompletely dominant in the I, over the svstemic-mottling reaction of 
V. tabacum varieties such as Havana Seed. 

A single pair of incompletely dominant factors governed the necrotic 
reactions of TL106 and Daruma to the mild strain, as shown by 1:2:1 
ratios of the three classes of reactions observed in the F, and F, generations 
of their crosses. That this gene pair also determines the reaction of these, 
and certain similarly reacting hosts, to other strains of the tobacco mosaic 
virus such as the mild-yellow (aucuba) mosaic strain is indicated. 


In a cross with J. alata, the necrotic local-lesion reaction of N. longiflora 
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to the mild strain, similar to that of \V. sylvestris, was controlled by a single 
pair of dominant factors. 

The results of a cross involving both the n*n* genes of Daruma and the 
NN genes of Holmes Samsoun have indicated that the latter are the domi- 
nant alleles of the former. Therefore, it is proposed that a series of mul- 
tiple alleles, composed at least of VV, n*n’, and nn, exists. 

UNIVERSITY OF WISCONSIN 

MapIson, WISCONSIN 
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EFFECT OF SEED TREATMENT ON FORAGE LEGUMES IN WET 
AND DRY SOIL 
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The benefits obtained from chemical seed treatment of many field crops 
are well known, and an increasing interest is being shown in the use of 
chemical seed treatment on forage legumes. In greenhouse tests conducted 
in untreated field soil, Chilton and Garber (2) obtained highly significant 
increases in stands with certain fungicides and certain species of forage 
legumes. Other legumes did not respond to treatment and in some cases 
injury resulted. In a field test Allison and Torrie (1) obtained no signifi- 
cant increases in stands of six forage legumes treated with several seed 
protectants. Highly significant increases in stands of some species were 
obtained when treated seeds were planted in compost infested with various 
damping-off organisms. Germination of two species was retarded by Sper- 
gon. In greenhouse tests Cormack (3) obtained increased stands of alfalfa 
when the seed was treated with several fungicides. In field tests the effect 
of seed treatment varied, increasing the emergence in some samples but not 
in others. In greenhouse tests conducted in autoclaved soil, Vlitos and 
Preston (5) obtained highly significant increases in emergence of treated 
seed of a number of field legumes. In field tests only yellow hop clover 
showed a significant increase in emergence of treated seed. In field tests at 
a number of locations Kreitlow, Garber, and Robinson (4) found the re- 
sponse of alfalfa and red clover to seed treatment varied from decreases to 
small but significant increases in stand. 

Seed of forage legumes is planted at a relatively shallow soil depth where 
rapid fluctuations in moisture may occur; if no rain falls for a few days 
following planting, the soil may be too dry for germination. This study 
compares the effect of chemical seed treatment on three forage legumes, at 
two moisture levels in greenhouse and field, at Urbana, Illinois, during 
1949-1950 


MATERIALS AND METHODS 


Red clover (Trifolium pratense), alfalfa (Medicago sativa), and 
white-flowered biennial sweet clover (Melilotus alba) were selected from 
the forage legumes. The fungicides tested were Arasan (50 per cent 
tetramethyl thiuramdisulfide), Ceresan M (7.7 per cent ethyl mercury p- 
toluene sulfonanilide), and Phygon XL-DDT (50 per cent 2,3 dichloro-1,4 
naphthoquinone and 3 per cent dichloro-diphenyl-trichloroethane). Ten- 
gram samples of seed were treated with 0.25, 0.5, and 1 per cent dosage rates 
by weight of seeds. Five drops of a 5 per cent solution of Methocel sticker 
(Dow methycellulose) were added to the treated seeds to prevent loss of the 
fungicide dust in handling. <A preliminary test with red clover showed no 
significant difference in emergence between untreated seed coated with 


610 





eg 








1951 | GERDEMANN: SEED TREATMENT 611 


Methocel sticker and untreated seed without Methocel sticker. Following 
treatment the seed was stored from 12 to 15 days in paper envelopes. 

The experimental design used in greenhouse experiments was a split plot 
with five replications. Blocks were divided into two main plots which were 
maintained at different soil moisture levels. The various seed treatments 
were assigned at random to the subplots. Each subplot consisted of two 
19-in. rows 1} in. apart. Seed was planted from } to } in. deep, 50 seeds 
per row. In the dry soil the average moisture content ranged between 15 
and 20 per cent; that of the wet soil was maintained between 30 and 40 per 
cent. Since water was applied by overhead sprinkling, the surface soil 
varied between greater extremes than the average. Moisture determinations 
were made before and after watering, from samples of soil taken from un- 
planted flats which received the same treatment as the main plots. 

An untreated, dark brown silt loam soil was used in all greenhouse ex- 
periments. Temperatures, not controlled, varied from 55° F. to as high as 
85° F. for brief periods on sunny days. Stand counts were taken when 
germination appeared to be complete, 16 to 23 days following planting. 
Since seed treatment has been reported to have no effect on post-emergence 
damping-off (1), a few plants that were so killed were included in the totals. 

The experimental design used in field tests was a randomized block repli- 
cated 10 times. Each plot consisted of 100 seeds planted in an 8-ft. row. 
Rows were spaced 4 in. apart. The seed was planted 24 days following 
treatment, and stand counts were taken 4 weeks after planting. No post- 


emergence damping-off was observed. 


EXPERIMENTAL RESULTS 


Results of two red clover experiments in the greenhouse are summarized 
in table 1. No chemical treatment significantly increased the emergence of 
seedlings of Midland or common red clover in either wet or dry soil. In 
both experiments the F value for the interaction between soil moisture and 
seed treatment exceeded the 5 per cent level of significance, indicating a 
differential reaction of the various chemical treatments to soil moisture. 
One per cent Phygon appeared to harden the seed coats under both moisture 
conditions, and caused marked stunting of the plants. Arasan caused no 
significant increase in emergence in wet soil; in dry soil, dosages of 0.25 
and 0.5 per cent appeared to cause a slight reduction in emergence. In dry 
soil with 1 per cent Ceresan M there was swelling of hypocotyls and roots 
failed to form. On common red clover, 0.25 and 0.5 per cent Ceresan M 
significantly reduced emergence in dry soil. 

Table 1 summarizes also the results of two alfalfa experiments. With 
the exception of 1 per cent Ceresan M, which caused some damage to seed- 
lings, none of the treatments had any significant effect on emergence of al- 
falfa. The F values for interaction between seed treatment and soil mois- 
ture were not significant in either experiment. 

In tests on two sweet clover varieties (Table 1), the total emergence of 
common white sweet clover in wet and dry soil was significantly increased by 
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TABLE 1.-- Mean number of plants emerged® after seed treatment, in two 
varieties of red clover, two varieties of alfalfa, and two varieties of sweet clo- 
ver planted in wet and dry soil in the greenhouse, Urbana, Illinois 
Seed Dosage Wet Dry Av- Wet Dry Av- 
treatment (per cent) soil soil erage soil soil erage 
Midland red clover Common red clover 
RP cckcwusacoasokx  —cacwe 62.8 62.8 62.8 76.8 72.6 74.7 
oe en 0.25 64.4 56.0% 60.2 77.8 65.8* 71.8 
0.50 62.2 55 .8* 59.0 79.8 68.0 73.9 
1,00 66.6 59.4 63.0 79.6 73.4 76.5 
CeresanM ......... 0.25 63.4 62.2 62.8 74.2 64.2* 69.2 
0,50 61.8 63.6 62.7 76.8 66.4* 71.6 
1,00 67.2 54.8*> 61.0 81.2 69.0 75.1 
PUP EON iideitcvcersace 0,25 57.8 58.0 57.9 74.4 73.4 73.9 
0.50 68.8 61,0 64.9 75.6 73.8 74.7 
1.00 56.0*5 59.25 57.6 75.85 74.8> 75.3 
LSD... 9,05 6.8 G8 —s gseen 6.0 ee 
ee 020 ger C(ié‘“‘i SS (tC ana ee 
F, for treatment 
moisture interaction 2.38°¢ 2.46 
Ranger alfalfa Kansas common alfalfa 
oi SS ree ae ae 81,2 83.6 82.4 78.8 77.8 78,3 
ae 0.25 82.0 85.0 83.5 78.6 81.8 80,2 
0,50 81.4 85.6 $3.5 79.6 78.8 792 
1,00 82.4 85.2 83.8 81.4 82.0 81.7 
Ceresan M .......... 0.25 83.4 83.6 83.5 79.0 76.6 77.8 
0.50 82.2 82.6 82.4 80.8 78.6 79,7 } 
1,00 82.6 78.2b 80.4 77.2b 72,0b 74.6 
PRO. iss cevwssaes 0.25 82.2 84.6 83.4 78.6 79.6 79,1 
0.50 84.0 86.2 85.1 80.2 77,8 79.0 
1,00 80.6 83.8 82.2 78.4 78.6 78.5 
Loew... B.05 
0.01 
F, for treatment 
moisture interaction 1,05¢ 0.69 } 
Common white sweet clover Evergreen sweet clover 
BREEN, wie ccoy cwedeiey. sacra 29.6 29.0 29.3 78.6 69.0 73,8 
TEN eet toicde saws 0.25 35,0 33.4 34,2* 80.8 Ys a 76.0 
0.52 32.6 34 .8* 33 ,.7* 76,2 73.8 75.0 
1,00 37,.4** 32.2 34.8** 79.0 72.4 75.8 
Ceresan™ .......... 0.25 34.6 $3.2 33 .9* 82.2 65.6 139 
0.50 34.8 37.2** 36,0** 76.8 63.0b 69.9 
1,00 29.0 27.2> 928.1 79.4 54,2b**66.8 
SOTO ane 0.25 30.0 31,45 30.7 79.6 68.6 74,1 
0.50 34.2 31.8 33.0 73.2 60,8>* 67.0 
1,00 33,0 25.6> 29,3 73.4 51,20**62.3 
LSD ... 0,05 5.6 5.8 4.1 7.4 7.4 
0.01 7.8 7.8 §.5 9.8 9.8 
F., for treatment 
moisture interaction 1,12°¢ 3.46 





®Since the number of seeds per subplot was 100, the mean equals percent- 
age emergence, 

bSeedlings stunted or injured. 

CF. value required for significance at 0.05 = 2.01; at 0.01 = 2.67. 

*Difference from check is significant at the 0,05 level. 

**Difference from check is significant at the 0,01 level. 
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all rates of Arasan and by 0.25 and 0.5 per cent Ceresan M. One per cent 
Ceresan M and all rates of Phygon caused subnormal growth of seedlings in 
dry soil, but did not significantly reduce the emergence. The F value for 
interaction between seed treatment and soil moisture did not show signifi- 
cance in this experiment. However, the calculations were based on the num- 
ber of plants emerged and did not take into account the fact that some treat- 
ments caused injury to seedlings in dry soil without reducing the emergence. 
The variety Evergreen did not respond to Arasan treatment; in dry soil 0.5 
and 1 per cent Ceresan M and all rates of treatment with Phygon either 
injured the seedlings or reduced the emergence, or both. The F value for 
interaction between seed treatment and soil moisture in this experiment ex- 
ceeded the 1 per cent level of significance. 

Results of field experiments on red clover, alfalfa, and sweet clover are 


in table 2. Because of a late spring, these tests were planted later than the 


TABLE 2.-- Mean number of plants emerged after seed treatment, in 
the field stand of three forage legumes on the Agronomy south farm, Ur- 
bana, Illinois 











Seed Dosage Common Kansas Common white Willamette 
treatment (per cent) red clover common sweetclover sweet clover 
alfalfa 
CE iseieeh serie 24.7 50.2 9.7 16.8 
ATOGER ......505 0.25. 23,1 44.0 6.5 11,4** 
0,50 19.8 51.7 oO 11,6** 
1,00 16,7** 56.1 6.3 12,1** 
Ceresan M,. 0.25 23.6 —_— iiii~~wasci  - - wees 
0.50 23.8 0 6=—t—« GE WA aes 
PRYSOG: ......0060: 0,25 22,3 45.1 svt.” “eieeeee 
0.50 19,1* oo: i a 7 "seem 
1,00 15 .2** 41,0* ne 
LSD 0.05 5.2 je 2.6 
0.01 6.9 9.9 3.5 





*Difference from check is significant at 0,05 level. 

**Difference from check is significant at 0,01 level, 
usual planting time for spring-seeded legumes. One per cent Ceresan M 
was excluded from the field tests and only Arasan was tested on sweet 
clover. The seed in these experiments was planted May 11 in moist soil. 
No rain fell for 10 days following planting, but during the next 15 days 
rainfall was 1.5 inches.' The average daily temperature of the first inch of 
soil ranged from 55° F. on the date of planting to 69° F. on the date the 
final counts were made. The average soil temperature for the entire period 
was 62.4° F, 

None of the treatments caused a significant increase in emergence over 
the check and several caused significant reductions. The emergence of red 
clover was significantly reduced by 1 per cent Arasan, and 0.5 per cent and 
1 per cent Phygon. One per cent Phygon caused a significant reduction in 
emergence of alfalfa. Emergence of all sweet clover was low. Emergence 


1 Weather records taken by the Illinois Water Survey at the Agronomy south farm. 
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of Willamette sweet clover was significantly reduced by all rates of Arasan 
treatment. Emergence of common sweet clover treated with Arasan was 


lower than the check, but not significantly so. 


DISCUSSION AND SUMMARY 

The effect of three chemical seed treatments on red clover, alfalfa, and 
sweet clover was studied in wet and dry soil. Red clover seed treated with 
three different rates of Arasan, Ceresan M, and Phygon, and planted in wet 
and dry soil showed no significant increase in emergence over untreated seed. 
Some treatments which appeared harmless in wet soil reduced the emergence 
or injured the seedlings when the seed was planted in dry soil. 

Alfalfa was neither benefited nor injured by most treatments. The re- 
action to treatment was nearly the same in wet and dry soil. One per cent 
Ceresan M caused injury to seedlings in wet and dry soil in greenhouse tests, 
and 1 per cent Phygon reduced the emergence in the field under drouth 
conditions 

Sweet clover emergence was increased by treatment with Arasan and 
some of the lower rates of Ceresan M used in greenhouse tests. One seed 
lot was not benefited by any seed treatment. A number of treatments which 
were harmless in wet soil reduced the emergence or injured the seedlings in 
dry soil. Arasan, which appeared beneficial or harmless in dry soil in 
ereenhouse tests, significantly reduced the emergence of sweet clover in the 
field under drouth conditions. 

Final recommendations for seed treatment of forage legumes should be 
based on experiments conducted in many soil types and under varied en- 
vironmental conditions Beneficial results have been obtained from seed 
treatment of some forage CrOps when the seed was planted in compost or soll 
infested with damping-off organisms (1, 4) or when the seed was infected 
with a pathogenic organism (3 The value of seed treatment may depend 
on how frequently similar conditions occur in the field. If, however, a fun- 


vicide becomes injurious under some environmental condition, the fre- 


quency of occurrence of this condition also becomes a factor in determining 


whether, over a period of years, the net result will be benefit or injury. 
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SILKY THREADBLIGHT OF ELAEAGNUS PUNGENS CAUSED BY 
RHIZOCTONIA RAMICOLA N. SP. 


GEORGE F. WEBER2 AND DANIEL A. ROBERTS 
(Accepted for publication February 20, 1951) 


Observational and experimental data are herewith presented concerning 
silky threadblight, a new disease of the perennial ornamental, Elaeagnus 
pungens. 

THE DISEASE 

Host range. Silky threadblight of Elaeagnus pungens was first ob- 
served in isolated areas of a shrub border-planting during the summer of 
1945 in Gainesville, Florida. Natural infections occur on E. pungens, Ilex 
crenata, Erythrina herbacea, Pittosporum tobira, Lagerstroemia indica, and 
Feijoa sellowiana. Inoculation experiments indicate that Gelsemium sem- 
pervirens, Rhododendron indicum, and Pyracantha formosana are suscep- 
tible, whereas Nerium oleander and Ligustrum lucidum did not become dis- 
eased. An extensive survey for the disease has not yet been made, and the 
current list of susceptible plants is not long. 

Distribution and importance. The disease has been found only in 
Gainesville, Florida. All reported hosts are grown extensively in the south- 
eastern part of the United States from Virginia southward, where develop- 
ment of the disease would be favored by prolonged rainy periods and con- 
tinuous high humidity and high temperature. The disease occurs an- 
nually, is of minor economic importance, and does not spread rapidly. 

Symptomatology. The disease, unassociated with the soil as to origin, 
has been observed affecting isolated areas in shrub plantings, involving 
tender twigs, petioles, and leaf blades. During warm and humid weather, 
short, delicate, gray to olivaceous hyphal strands develop and extend across 
leaf axils, and grow along the surfaces of twigs as far as 20 mm. above and 
below the bases of infected petioles. Dead leaves may be matted together or 
held dangling from the twigs by these fungus threads. Denser mats of 
hyphae usually appear at the point of contact of diseased and healthy leaf 
blades, binding them together (Fig. 1 and 2 

Lesions on leaf blades may occur at any point which is in contact with 
external mycelium, and appear at first as small, necrotic spots, enlarging 
slowly, occasionally involving the entire blade. Ordinarily, lesions reach a 
maximum diameter of about 25 mm., and are characterized by tan necrotic 
centers, purplish-brown margins, and brittle texture. (Fig. 1.) Under 
slight mechanical pressure, necrotic areas crack and fall away. When only 

! From a thesis presented by the junior author to the Graduate School of the Uni 
versity of Florida, in partial fulfillment of the requirements for the Master of Science 
degree. 

2 Professor of Plant Pathology, College of Agriculture, University of Florida, 
Gainesville, Florida. 
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a portion of the blade is infected, defoliation does not occur, and diseased 
leaves persist throughout the autumn and winter seasons. During these 
months, the tan lesions are conspicuous symptoms of the disease. Infection 
of petioles results in discoloration, followed by cortical necrosis and slough- 
ing away of the diseased tissues. 


No sclerotia have been found. 





F | Silky threadblight of EKlaeagnus pungens. Left, lesions on green leaves and 
brow! id leaves held in place by surface hyphae, Right, lower sides of leaves covered 
with hvphae: leaves at top are healthy. 


THE FUNGUS 

Taronomy. According to Duggar (2), many Corticium spp. and Rhizoc- 
fonia spp. are soil-inhabiting organisms capable of living from season to 
season in the form of mycelia or sclerotia in diseased tissue, decaying plant 
debris, or in the soil. The parasitic vegetative stages of these fungi are 
closely associated with the soil, and the symptoms of the diseases caused by 
them occur on plant parts located near the soil line. Only the saprophytic 
sexual stages occur aerially, usually not more than 10 to 25 em. above the 
surface of the soil. Although an extensive host range for R. solani has 
been demonstrated, no report of a disease of Elaeagnus pungens caused by 
this fungus has been discovered in literature. The Rhizoctonia sp. from 
Elaeagnus occurs only on aerial plant parts and is in no way associated with 
the soil. Seclerotia have not been observed in nature or in culture. Conse- 
quently, the fungus is considered separate and distinct from the several 


soil-inhabiting Rhizoctonia spp. and Corticium spp. 
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A second group of parasitic Rhizoctonia spp. and Corticium spp., de- 
scribed by Burt (1), Matz (4), Voorhees (5), and Weber (6), includes the 
aerial forms C. stevensii Burt, C. koleroga (Cooke), v. Hohn., C. micro- 
sclerotia (Matz) Web., and Rhizoctonia zeae Voorh. Burt (1) characterizes 





Fic. 2. Silky threadblight of Pittosporum tobira. Above, severe infection and de 
foliation. Below, right to left, progressive stages in the development of the disease. 
another aerial form, C. salmonicolor Berk. & Broome, by the incrustation of 
a pink hymenium occurring on diseased limbs. The absence of sclerotia or 
a pink hymenium distinguishes the Rhizoctonia sp. attacking Elaeagnus 
pungens from all of these aerial fungi except Corticium koleroga. The 


short, fine, filamentous, olivaceous-brown mycelial threads distinguish it 
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from (. koleroga, which forms long, more thickened, fuscous threads. Be- 
cause of these distinguishing characteristics, this fungus will be described 
as a new species. The following binomial is proposed: 

Rhizoctonia ramicola n. sp. 

Sclerotiis absentibus; mycelio aerio, primum hyalino, granuloso dein 
easso, in culturis primum olivaceo-cineraceo dein purpuraceo-brunneo; 
hyphis septatis, 3.5—-7.7 x 22.0-155.0 u, ad septa constrictis, angulis ramorum 
primum acutis dein rectis; septis nodosis absentibus. 

Hab. in ramis et foliis vivis Elaeagni pungentis Thun., Gainesville, Flor- 
ida, Am. Bor. 

Sclerotia absent; vegetative mycelium aerial, hyaline and granular at 
first, empty at maturity, forming delicate threads in leaf axils, in culture 
olivaceous-gray at first, becoming purplish-brown with age; hyphae septate, 
3.5-7.7 u wide, 22.0-155.0 u between septa, constricted at septa, branching 
at acute angles when young, at right angles at maturity, the first septa of 
lateral hyphae formed 5.0-5.8u from main hyphae; clamp connections 
lacking. 

On living twigs, petioles, and leaf blades of Elaeagnus pungens, Thun., 
Gainesville, Florida, U. S. A. 

Dried specimen deposited in the University of Florida Agricultural Ex- 
periment Station Herbarium, number F-41694. 

Morphology. On 2 per cent potato-dextrose agar, the young hyphae 
branch at acute angles, while mature hyphae branch at right angles. 
Branches are constricted at the bases. Mycelial growth forms a dense mat 
in culture, and individual hyphae penetrate the substrate slightly. No 
sclerotia are formed. A lavender tint in mature cultures is a diagnostic 
characteristic of the species. 

Physiology. The effect of temperature upon the rate of growth in cul- 
ture of mycelium transfers of Rhizoctonia ramicola and R. solani was 
studied by measuring the diameters of colonies on three plates of 2 per cent 
potato-dextrose agar infested with each isolate and incubated for 72 hr. at 
temperatures ranging from 10° to 40° C. 

Although the maximum growth of each isolate occurred near 29° C., the 
rate of growth of the potato isolate was distinctly slower, and its growth 
occurred over a greater range in temperature. R. ramicola grew less rap- 
idly than R. solani from potato at 24° C. and below, but more rapidly above 
24° ©. The conditions in nature observed to be most favorable for the 
development of R. ramicola are temperatures of 25°-30° C., and relative 
humidities of 75 per cent and above. The absence of either or both of these 
conditions results in retarded growth and reduced severity of the disease. 
Incubation at 37° C. for 72 hr. killed both organisms tested. 

Plates were poured from tubes of pH-adjusted agar, and when this 
hardened, were infested with mycelium transfers of R. ramicola and incu- 
bated for 


2 hr. at 28°-30° C.; diameters of mycelial growths were then 


measured. 
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The optimum pH for growth on 2 per cent potato-dextrose agar is near 
6.3, although the fungus tolerates ranges of acidity and alkalinity from be- 
tween pH 3.4 and 4.1 to a point between pH 9.3 and 10.0. At the conclusion 
of the experiment, tests showed that the pH of all cultures had adjusted 
toward neutrality, with the exception of the one at pH 7.1, which remained 
unchanged. The organism developed equally well in total darkness and in 
intermittent, subdued, and continuous bright light. 

Pathogenicity. The causal organism was present wherever the disease 
was observed, and the fungus was isolated in pure culture from twigs, 
petioles, and leaf blades of infected host plants. In order to determine 
some factors governing the pathogenicity of R. ramicola upon Elaeagnus 
pungens, inoculation experiments were conducted under temperatures vary- 
ing from 23° to 34° C., and on plants out of doors, in the greenhouse, and 


in moist chambers. All inoculated plants became infected when tempera- 


TABLE 1, -- Percentage emergence and percentage damping-off of 
seedlings grown in sterilized soil infested with Rhizoctonia ramicola and 
R. solani 














Emergence Damping-off® 

Fungus Beans Cabbage Lettuce Beans Cabbage Lettuce 

I eotecdiubtneincgses 95 67 83 0 l 

R, ramicola.......... 90 63 84 0 _ ¥ 

R. solani from , 
—— Saecsdue pekine 62 27 15 19 52 39 
UPINE ...........04. 75 37 34 10 42 2 
CHELONA. ...0<000005 66 15 20 15 44 5 
oat abeensasestwee 78 34 30 18 §2 45 
Gant cu cosas enemud 85 64 83 0 1.6 2.4 





*Based upon emerged seedlings. 


tures about 30° C. were accompanied by high relative humidity and an 
abundance of inoculum. R. ramicola was reisolated from petioles, twigs, 
and leaf blades of inoculated plants. 

The pathogenicity of R. ramicola and several isolates of R. solani to 
bean, cabbage, and lettuce seedlings was tested. Sterilized soil was placed 
in flats in the greenhouse and infested with finely chopped mycelia which 
had been grown on 2 per cent potato-dextrose agar. In each flat were 
planted 25 bean, 100 cabbage, and 100 lettuce seeds. Each treatment was 
duplicated, and flats of noninoculated soil were seeded to provide controls. 
Seedlings were counted and observed for 10 days following emergence 
(Table 1). 

Under the conditions of this experiment, isolates of Rhizoctonia solant 
from bean, lupine, oat, and trifoliata (Poncirus trifoliata) caused seed decay 
and damping-off of seedlings of bean, cabbage, and lettuce. R. ramicola 
and the &. solani isolate from pine failed to retard or prevent germination 


of seeds, and caused no significant damping-off of seedlings. 
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HOST AND FUNGUS RELATIONS 


Seasonal development of the disease. Most active growth of the fungus 
and most rapid development of the disease occur when warm, humid condi- 
tions prevail. In the Gainesville, Florida, area weather conditions optimum 
for the development of the disease have been observed during July, August, 
and September, although infection may occur at any time between May and 
October. During the other months of the year, the fungus remains more 
or less dormant, reviving upon the return of favorable temperature and 
moisture conditions as indicated by the annual recurrence of the disease in 
the same locations. 

Observations of the disease in nature and results of inoculation experi- 
ments have shown that infection may occur whenever daytime temperatures 
between 24° and 32° C. and mean relative humidity near 75 per cent have 
persisted for 5 or 6 days. Under optimum conditions, symptoms of the 
disease appeared within 4 to 9 days following inoculation, 80 per cent of 
the infection appearing within 7 days. Leaf lesions generally became ap- 
parent after 4 days, and complete destruction of petiole cortical parenchyma 
occurred 7 to 9 days after inoculation. 

Rhi octonia ramicola has been observed under many field conditions, but 
a perfect stage has not been discovered. All attempts to produce vegetative 
spores or a sexual stage under controlled conditions have failed. 

Silky threadblight of Elaeagnus pungens appears annually in previously 
infected plantings, indicating that the fungus overwinters in diseased tis- 
sues or as external hibernating hyphae. The fungus has been isolated from 
7-month-old lesions on leaves which had remained alive throughout the 
winter 

Pathological anatomy. Wyphae.penetrate the petioles through lenticels 
and the basal cells of scales. Microscopic examination of cross sections of 
diseased petioles revealed intercellular hyphae in the cortical parenchy- 
matous tissues. The means by which the fungus destroys these cells have 
not been determined, although it appears that the process is similar to that 
of R. solani as demonstrated by Matsumoto (3). It is suggested that me- 
chanical pressure and enzymatic activity break and dissolve the cell walls, 
thereby allowing the parasite to absorb the contents. The fungus does not 
break down the woody cells of the central cylinder, but infected cortical 
cells are killed and slough off easily. 

Penetration through stomata gives the fungus ready access to the spongy 
mesophyll of leaf blades. In free-hand sections through diseased leaf 
blades, intercellular hyphae were observed throughout the mesophyll. 


CONTROL RECOMMENDATIONS 


One or more summer applications of a copper-containing fungicide made 
on diseased and adjacent plants is recommended for control of the disease 


in plantings where it is already established. Distribution of the pathogen 
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may be prevented through the practice of careful examination of nursery 
stock and the removal and destruction of infected plants or plant parts. 


SUMMARY 


The heretofore undescribed silky threadblight of foliage of Hlaeagnus 
pungens in Florida is caused by the fungus Rhizoctonia ramicola n. sp. The 
diagnostic symptoms and signs of the disease are cortical necrosis of petioles, 
necrotic leaf lesions, and the attendant superficial mycelial strands. The 
causal organism is characterized by its aerial habitat, failure to live in the 
soil, absence of spores and sclerotia, and lavender color of mature mycelium 
on potato-dextrose agar. The fungus is pathogenic to species of Elaeagnus, 
Ilex, Erythrina, Pittosporum, Lagerstroemia, Feijoa, Gelsemium, Rhodo- 
dendron, and Pyracantha. Optimum growth occurred in media adjusted 
to pII 6.3 and held at 29° C. 
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INFLUENCE OF PREINOCULATION ENVIRONMENT ON THE 
INFECTION OF BARLEY AND WHEAT BY 
POWDERY MILDEW! 


¥. . Tarxkz? 


(Accepted for publication February 28, 1951) 


The role of environment in the epidemiology of powdery mildew (Ery- 
siphe graminis DC.) of the small grains has long been a baffling one. Unlike 
any other plant disease, apparently, powdery mildew has been reported in 
epidemic proportions in seasons of wet, dry, cool, and hot weather. Sur- 
prisingly, after years of existence in the United States as a disease of rel- 
atively minor importance, powdery mildew of barley and wheat lately has 
become highly destructive in the Southeastern and Atlantic Coast States. 
Recent studies (13, 53) indicate that this outbreak is due to new physiologic 
races of the pathogen. A concerted move already is under way to isolate 
races of the parasite, and to breed wheats and barleys resistant to the differ- 
ent races as a means of control. Doubtless this work can be expedited if 
the present hazy knowledge concerning environmental conditions that pro- 
mote mildew is clarified. The present investigation was undertaken to this 
end. Abstracts of some of the results reported herein have been published 


20, d1, 52 


LITERATURE REVIEW 

The literature on small-grain powdery mildew indicates that the path- 
ogen has the capacity to persist over a wide range of climatic conditions. 
The conidia, largely responsible for dissemination of the fungus, germinate 
at atmospheric humidities from 0 to 100 per cent (6, 8, 59) and at tem- 
peratures from —2° to 35° C. (8, 37). Infection of wheat by Erysiphe 
graminis tritici has been obtained at from 2° to 30° C. (37), and mildew on 
small-grain plants kept in a greenhouse during the summer months survived 
temperatures up to 43° C. so long as there were alternating cooler periods 

8 Corner (10) noted that mildew thrived during a hot, dry summer in 
England when other parasitic fungi suffered from drought ; Montemartini 
(33) found mildew active in winter in Italy; and both of these observations 
are in accord with those Cherewick (8) has made in Manitoba, Canada. 

A fact of further interest is the unanimous agreement among numerous 
observers that mildew in the various small grains is more severe in fields, or 
spots in fields, where the stand is thick and the plants have developed a lush, 
rank, tender growth (1, 3, 4, 5, 7, 32, 35, 36, 39, 41, 42, 43, 58). There is 
likewise agreement that nitrogenous fertilizers, long known as effective in 

1 Cooperative investigations of the U. 8S. Department of Agriculture and the New 
York (Cornell) Agricultural Experiment Station. 

Plant Industry Station, Beltsville, Maryland. 
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promoting a tender, leafy growth, also promote susceptibility (1, 17, 19, 28, 
31, 35, 43, 48, 54,58). In contrast, wide differences of opinion prevail rela- 
tive to the kind of environment that promotes mildew. For example, the fol- 
lowing conditions have been held conducive to high infection: wet (9, 12, 26, 
59) ; wet and cool (25, 27, 32) ; cool (2) ; cool, humid and cloudy (11) ; heavy 
dews and abundant sunshine (56) ; frequent rains and humid weather (41) ; 
warm and moist (7); relatively dry (8); dry (22, 24, 34, 35, 49, 58) ; hot 
and dry (10, 14); atmospheric humidity of 100 per cent (17, 29), 95 per 


eent (57), 75-80 per cent (15); light of moderate duration and intensity 
(8, 18, 20, 21, 29, 38, 40, 47, 55, 56, 57, 60) ; conditions upsetting the balance 
between uptake of water and transpiration (23); a period of flaccidity or 
partial wilting of the host (43, 44, 45, 46); and preinoculation conditions 
promoting lush, tender growth of the plants (50, 51, 52). 


EXPERIMENTAL RESULTS 


A striking fact brought out by the literature review above is the wealth 
of positive evidence from many sources that (a) mildew in the various small 
grains is more severe in fields or spots in fields where the plants have devel- 
oped a rank, tender growth, and (b) that nitrogenous fertilizers promote 
susceptibility. This led the writer to suspect that the tender tissue of 
well-fed, rank-growing plants might predispose them to infection through 
supplying the fungus with abundant food easily obtained. In order to 
determine this, plants were grown under temperate conditions to produce 
tender tissue, and under cold or dry conditions to produce non-tender or 
‘*toughened”’ tissue. In the first experiment, seed of the susceptible Oder- 
brucker (C. 1. 4666) and White Smyrna (C. I. 910) barleys was sown Sep- 
tember 5, 1946, in 6-in. pots in a greenhouse at Beltsville, Maryland, main- 
tained at 16°-21° C. (60.8°-69.8° F.). Ten days after seedling emergence, 
one-third of the pots of each variety were put outdoors. The remaining 
pots were kept in the greenhouse and treated alike except that one-half of 
those of each variety were watered liberally every day, the other pots re- 
ceiving only an occasional light watering, just enough to keep the plants 
alive and growing slowly. On November 4, after approximately 64 weeks 
under the different conditions, the plants reflected their environments sharp- 
ly as shown in figure 1. At that time, all of the plants of both varieties, 
both from outdoors and indoors, were brought together on a greenhouse 
bench and inoculated: heavily mildewed plants were shaken over them, spe- 
cial care being taken to insure uniformity in the distribution of inoculum. 
Thereafter, all of the plants, approximately 100, were watered uniformly 
and liberally, kept in a greenhouse at moderate temperatures, and rein- 
oculated each week. Striking differences in susceptibility became apparent 
within 2 weeks after the first inoculation, as shown in figure 2. Very little 
mildew developed on the short, heavily tillered plants grown outdoors. 
The greenhouse-grown plants lightly watered before inoculation developed 
a moderate amount of mildew. The tall, succulent, liberally watered green- 








624 PHYTOPATHOLOGY | Vou. 41 


house plants were attacked severely. About 3 weeks after the first inocu- 
lation, the plants that had been outdoors and had grown very rapidly under 
the temperate greenhouse conditions gradually began to lose their re- 
sistance. By 1 month after the initial inoculation these plants had become 
very susceptible. The plants that had been grown in the greenhouse and 
lightly watered before inoculation lost the moderate degree of their initial 
resistance and became highly susceptible. The plants that had been grown 


continuously in the greenhouse and watered liberally were highly susceptible 


Ces a é 
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Fic. 1. Representative plants of Oderbrucker barley 84 weeks old in early November, 
fter exposure for 63 weeks to different environments: in a greenhouse at 60°-70° F. 
ind watered liberally (A) or watered lightly (C), and outdoors under chilly autumn con 
ditions (B 


at alltimes. The two varieties used in the test reacted similarly except that 
Oderbrucker proved somewhat more susceptible than White Smyrna. 

This first experiment produced clear evidence that environmental con- 
ditions under which barley plants are grown before inoculation may mate- 
rially influence their reaction to mildew immediately and for some time 
after inoculation. 

In the autumn of 1947, the experiment was repeated with the same two 


varieties except that the plants were inoculated after exposure to the three 
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different conditions for 11 weeks instead of only 64 weeks as in the previous 
year. In the autumn of 1948 the varieties Excelsior (C. I. 1248), Freja 
(C. L. 7130), Hannehen (C. [. 531), Trebi (C. 1. 936), and five unnamed 
mildew-susceptible spring barleys (C. I. 7154, C. 1. 7156, C. I. 7247, C. I. 
7322, and C. I. 7558) were inoculated after 2 months’ exposure to the three 
different conditions. The results in both 1947 and 1948 were positive and 
similar to those of 1946 in all respects. 

In the autumn of 1949, the foregoing procedures used in the study of 
barley were applied to the spring wheats Huron (R. L. 20), Pentad (C. I. 
3320), and Thatcher (C. I. 10003). After exposure to the three different 
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Fig. 2. Susceptibility to mildew in the top four leaves from each of three Oder 
brucker barley plants inoculated in November 1946, after growth for 6} weeks in dif- 
ferent environments: grown in a greenhouse at 60°—-70° F. and watered liberally (A) or 
watered lightly (B), and grown outdoors under chilly autumn conditions (C 
environmental conditions for 8 weeks, the varieties were inoculated uni- 
formly and then kept in a greenhouse under temperate conditions favor- 
able to infection. As with barley, the wheat plants grown in the green- 
house and watered liberally before inoculation proved the most susceptible, 
the greenhouse plants lightly watered before inoculation were somewhat 
less susceptible, and the plants erown outdoors before inoculation developed 
relatively little mildew. The resistant status of the outdoor plants, as with 
barley, was well maintained for 3 to 4 weeks, then rather rapidly gave way 
to susceptibility equal to that of the other plants. 

Graf-Marin (16) found that leaves of mature barley plants were more 
resistant to mildew and had a thicker cuticle (2.5-5.0 4) than did leaves of 
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young plants (0.4-1.5 4). The mature leaves became susceptible, moreover, 
when the thickened cuticle was removed. Whether cu.icle thickness or 
some other factor or factors are involved in the predisposition of barley and 


wheat to powdery mildew remains to be determined. 


REACTION OF SEEDLINGS 


Preliminary studies of seedlings have indicated that iheir reaction to 
preinoculation environment may differ from that of older plants. In one 
test, for example, a flat of nearly 100 Oderbrucker seedlings about $ in 
high was placed outdoors at Beltsville, Maryland, in mid-January, 1949. 
After exposure to the cold weather for 3 weeks the flat was brought into a 
grreenhouse maintained at 60°-70° F. At this time the soil in the flat was 
frozen solid and only the tips of the seedlings protruded above the snow 
that covered the flat. Six hours later the seedlings were inoculated, as were 
Oderbrucker seedlings of similar height that had been grown continually 
in the greenhouse from seed sown 9 days previously. The seedlings ex- 
posed to the cold weather were as susceptible as those continually exposed 
to the mild greenhouse conditions. Similar results have been obtained in 
several later experiments. This may account for the frequent heavy at- 
tacks of powdery mildew on fall-sown barley despite cold weather. A high 
susceptibility in seedlings has been noted by a number of investigators. 
Further study of this phase of the mildew-environment relationship is 


needed 


COMPLEXITY OF INFECTION 

In the foregoing tests, only variously preconditioned mildew-free plants 
were tested, and the observations were confined largely to their behavior 
after the first inoculation. Under field conditions mildew infection, once 
started, usually produces many successive crops of conidial inoculum for 
successive inoculation of the host plants throughout the growing season. 
Therefore, at least three environmental influences apparently come into 
play at the moment of each inoculation: (a) Influence of preinoculation 
environment on the plant’s predisposition, (b) influence of immediate post- 
inoculation environment on infection, and (c) influence of post-inoculation 
environment in conditioning the plant to subsequent infections. It would 
appear that mildew infection is hardly the simple phenomenon it has long 


been considered to be. 


VARIATIONS 


In all of the foregoing experiments, plants subjected to cold weather con- 
ditions before inoculation, as noted above, were less susceptible to mildew 
than were liberally watered plants grown in a temperate greenhouse before 
inoculation. The differences, however, were not always so great as those 
shown in figure 2. km several tests with the extremely susceptible Little 
Club (C. I. 4066) wheat in the autumn of 1949, the reduction in mildew as 
a result of preinoculation exposure to outdoor conditions was only slight. 











a 
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Variation in degree of response to outdoor conditions was observed in other 
varieties. Also the plants exposed to cutdoor conditions before inoculation 
appeared to be more resistant after the relatively cold autumns of 1946 and 
1948 than after the milder autumns of 1947 and 1949 at Beltsville, Mary- 
land. 

In the foregoing studies it was also observed that the incidence of mildew 
on greenhouse-grown plants lightly watered before inoculation varied more 
than that on plants in the other treatments. Also, at the time of inocula- 
tion, the color of these plants frequently was a darker, richer green than 
that of the liberally watered plants grown in the greenhouse. In a study 
of this variation, Oderbrucker barley plants were grown under the three 
different conditions as usual, but the plants were potted in soil of low fer- 
tility instead of the fertile soil previously used. The result was that the 
plants grown under chilly outdoor conditions for several months before in- 
oculation became lightly infected as usual, but the greenhouse-grown plants 
that were only lightly watered before inoculation developed nearly as much 
mildew as did those that were liberally watered before inoculation. Evi- 
dently, during the preinoculation period, the small amount of plant food 
contained in the low-grade soil had been leached from the liberally watered 
pots and more or less conserved in the lightly watered pots to become avail- 
able when the usual uniform rate of liberal watering was applied to all pots 
after the plants were inoculated. 

These results appear to shed new light on an interesting phase of the 
powdery mildew-environment relationship. As noted earlier, it has been 
difficult to understand the numerous and world-wide reports of powdery- 
mildew epidemics in the small grains in seasons of widely different climatic 
conditions. The results above indicate that even in the presence of a con- 
spicuous environmental factor such as drought in the foregoing test, the 
plants still may be highly susceptible to mildew. Evidently the critical 
factor in determining the degree of plant predisposition to powdery mildew 
is not necessarily a predominant or conspicuous type of weather that stamps 
the season as being hot, cool, wet, dry, ete., but rather, the condition of the 
plants as determined by the interaction of all factors involved in growth. 
In a so-called dry season, for example, the condition and mildew susceptibil- 
ity of plants growing in cool, fertile soil doubtless would differ from that of 
plants growing in hot, impoverished soil. It would seem possible, there- 
fore, to have epidemics of mildew in seasons of different kind, assuming 
that the mildew fungus has the capacity to produce infection over the wide 
range of climatic conditions noted in the foregoing literature review. 

The confusion inherent in associating an unusually low or high incidence 
of mildew with a conspicuous weather condition in some season was strik- 
ingly exemplified in 1947. The spring was unusually cool and wet in many 
parts of the country, including Ithaca, New York, and Manhattan, Kansas. 
At Ithaca there was much less mildew on wheat and barley than in any of 
the 13 preceding years, during which the writer observed cereal diseases on 
the numerous plots of the Department of Plant Breeding at Cornell Univer- 
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sity. At Manhattan, Kansas, however, Johnston (25) reported that the 
long, cool, wet spring of 1947 was highly favorable to the development of 
Erysiphe graminis tritici and that never before had he seen wheat mildew 


SO general and SO severe. 


APPLICATION OF THE KNOWLEDGE OF ENVIRONMENTAL PRECONDITIONING 
TO THE RESULTS OF RIVERA 

A unique phase of the mildew-environment complex that hitherto has 
been difficult to understand is embodied in the reports of Rivera (43, 44, 
15, 46 Wheat plants grown in a greenhouse and plants grown outdoors 
were placed under a bell jar ‘‘full of moist air and containing a large num- 
ber of spores.’’ The bell jar was then exposed suddenly to direct sunlight. 
The greenhouse-grown plants wilted and eventually succumbed to mildew. 
The plants that had been grown outdoors didn’t wilt and didn’t take mildew. 


Rivera therefore concluded that the ‘‘moment of least resistance’’ occurs 


during a period of flaccidity or partial wilting of the host tissues, and that 
‘green organs at the height of their maximum turgidity prove themselves 
to be relatively or absolutely resistant.’’ Cherewick (8), however, found 
that mildew developed equally well on turgid and wilted plants. Mackie 
30) reported heavy infections on turgid plants, and the writer repeatedly 


has obtained very severe mildew on plants kept continually in the turgid 
state in moist chambers 

In a study of wilting as a factor influencing susceptibility, the writer 
conducted five tests with the highly susceptible Oderbrucker, Odessa, and 
Trebi barleys. All plants used were grown in pots. Prior to inoculation, 


tender greenhouse plants were put into two groups. One continued to 


receive the usual daily watering while the other was left without water for 
3 to 5 days or until the leaves became thoroughly limp and droopy. Also 
toughened plants of the same age as the above but grown under the outdoor 


conditions of November and December 1949 at Beltsville, Maryland, were 
brought into the greenhouse and likewise watered or subjected to drought 
until wilted. In two of the experiments the outdoor plants receiving the 
dry treatment also were subjected to warm air from an electric heater for 
1 hr. before inoculation to increase the wilting. Wilted and nonwilted 
plants then were inoculated simultaneously, and kept in a temperate green- 
house thereafter. Upon inoculation the wilted plants were watered imme- 
diately or 8, 16, or 24 hr. thereafter. The nonwilted plants were watered 
daily and the plants remained fully turgid throughout the tests. It was 
found that the tender, greenhouse-grown plants became heavily mildewed 
and the toughened plants grown outdoors before inoculation developed only 
a light infection, regardless of whether or not the plants were wilted at 
the time of inoculation. The results were definite, therefore, in showing 
that wilting had no apparent effect on susceptibility, and that the reactions 
of the plants merely reflected the environmental conditions to which they 


had been exposed before inoculation. In view of these results it would seem 
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that: 1) The greenhouse-grown plants in Rivera’s studies succumbed to 
mildew because they were tender and succulent; 2) their initial flaccidity 
was an incidental phenomenon due to sudden exposure of tender tissue to 
heat that penetrated the bell jar when the latter was suddenly exposed to 
the sun; and 3) the outdoor plants in Rivera’s tests did not wilt or suecumb 
to mildew because they had been preconditioned by the outdoor environment. 


SUMMARY 


The present research has brought to light a factor, hitherto unsuspected 
apparently, that plays a major role in mildew epidemiology: the environ- 
mental conditions to which plants are exposed before inoculation may 
greatly influence their reaction to mildew. Susceptibility in susceptible 
varieties is enhanced by preinoculation conditions that promote a lush, 
tender growth, such as moderately cool, moist air, ample watering, mod- 
erate intensity of light, and liberal addition of nitrogenous fertilizer to the 
soil. Resistance is promoted by preinoculation conditions that ‘‘toughen”’ 
the plants, such as exposure to cold, heat, drought, and long intense light. 

After exposure to chilly autumn outdoor conditions at Beltsville, Mary- 
land, for 63 to 11 weeks, susceptible barleys and wheats growing in pots 
were brought into the greenhouse, inoculated, and kept thereafter under 
temperate conditions. These plants usually became only lightly infected, 
whereas plants of the same age but grown continually in the greenhouse 
usually became very heavily mildewed. The toughening or other condi- 
tioning effects of the rugged, outdoor preinoculation period were retained 
for 3 or 4 weeks, after which the plants became as susceptible as those con- 
tinually grown under temperate conditions. Varieties differed in degree 
of reaction to environment. 

The reaction of young seedlings to preinoculation environment may 
differ from that of older plants. In several tests seedlings exposed to cold 
weather for a month, then inoculated and kept under temperate conditions, 
were as highly susceptible as were seedlings of similar size from a later 
seeding and not exposed to cold. 

The present results indicate that the degree of plant predisposition to 
powdery mildew is determined not necessarily by a predominant or con- 
spicuous type of weather that popularly stamps a season as being hot, cool, 
wet, dry, etc., but rather by the condition of the plants as determined by 
the interaction of all factors involved in growth. This may account for 
the seeming conflict of numerous and world-wide reports of powdery-mildew 
epidemics in the small grains in so-called hot, cool, wet, or dry seasons. 

Environment may simultaneously influence immediate infection and 
conditioning of the plant to subsequent infection. 

Rivera’s reports that plants become susceptible to powdery mildew dur- 
ing periods of flaccidity or partial wilting of the host tissues were not con- 
firmed. His results are attributed to the use of plants exposed to different 


environmental conditions before inoculation. 
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Knowledge of the greater susceptibility of tender plants and of the pos- 
sible and doubtless frequent existence of a pseudo-resistance in susceptible 
varieties induced by environment should facilitate breeding for resistance 


and speed reduction of the present heavy loss in the affected areas. 
PLANT INDUSTRY STATION 


BELTSVILLE, MARYLAND 
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TRICHOTHECIUM FRUIT ROT OF GLASSHOUSE TOMATOES 
ROBERT E. DEEMS! 
(Accepted for publication February 23, 1951) 


Specimens of an undescribed tomato fruit disease, previously observed 
and photographed by Dr. L. J. Alexander, were collected from five different 
glasshouses in Ohio from April through June, 1950. These glasshouses, 
four in Cleveland and its vicinity and one in Cincinnati, represented two 
widely separated sections of the State. The disease, which is of minor 
seriousness, is found first as a firm dark brown rot that usually develops 
into a soft watery black rot, its surface partially overspread with a pink- 
orange fungal growth. The diseased specimens were collected from three 
varieties of tomato (Lycopersicon esculentum Mill.): Ohio W-R Globe, 
Strain A Globe, and Marglobe. The causal organism was determined to be 
Trichothecium roseum Link. 

This paper includes a description of the disease observed under natural 
and controlled environmental conditions, a record of inoculation experi- 
ments, and a description of the causal organism. 

Ainsworth and Bisby (1) record that the type organism of T. rosewm 
was described on apple by Link in Species Plantarum (1824). In sueceed- 
ing years it was reported as parasitic on a wide variety of suscepts and 
saprophytic on various materials. 

The fungus is most important economically on fruits. Workers have 
demonstrated that the bitter core rot of apples and pears, rots of bananas 
and oranges, and a rot following wounds on early cherries, apricots, and 
quinces are caused by T. roseum (3, 4, 17, 21). It has also been reported 
to cause a severe stem, leaf, and flower wet rot of glasshouse cucumbers and 
a fruit rot of honeydew melons and cantaloupes (13, 19, 30). In addition, 
it has been found on certain green timbers, oat seeds, maize ears, woolen 
fabrics, Pteris longifolia prothallia, opium poppy, soybean seeds, and hemp, 
and in the nodal tissue of maize plants (5, 6, 14, 16, 18, 23, 24, 26, 27, 28). 
It has also been found pathogenic upon humans (12). Furthermore, it has 
been isolated from cotton seeds, chestnuts, milk, cacao beans, coconut 


(copra), Pinus sylvestris seeds, and leather products (7, 8, 9, 10, 15, 27, 29). 


OBSERVATIONS AND EXPERIMENTAL RESULTS 


The first symptom of the disease on tomato fruits is a ight brown lesion, 
generally occurring near the stylar end; this condition has been observed 
on fruits in all stages of development. Lesions typically radiate from the 
stvlar end of the fruit, with invasion of new tissue often continuing until 

1Graduate Fellow, Department of Botany and Plant Pathology, Ohio Agricultural 
Experiment Station, Wooster, Ohio. 

The writer is indebted to Dr. L. J. Alexander, under whose direction this research 
was undertaken, for his stimulating and valuable advice and for his constant encourage 
ment throughout the investigation. 
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the entire fruit is discolored (Fig. 1). 7. roseum causes a firm dark brown 
rot, although usually in nature secondary organisms become quickly estab- 
lished so that a soft, watery, dark brown to black rot results. At advanced 
stages, varying according to environmental conditions, a discoid sporula- 
tion of light pink to orange-pink conidia appears. The orange-pink colora- 


tion and a powdery texture develop with age. 





Fic. 1. Trichothecium fruit rot of tomato. Natural infection on Ohio W—-R Globe 
A) and Strain A Globe (B) varieties. Typical radiating young lesion in A, with 
blanched halo effect distal from the lesion; discoid, prostrate, powdery, orange-pink 
sporulation characteristic of advanced stages in B, Artificially induced rot on Ohio 
W-R Globe (C and D), with sporulation within the wound in the sectioned fruit. 


Diseased fruits occur most commonly on the first three or four clusters of 
the glasshouse crop, with healthy fruits in the same cluster. No symptoms 
were observed upon the vegetative portions. 

Tissue fragmen‘s from diseased fruits collected from the glasshouses 
listed in table 1 yielded isolates of T. roseum, the fungus being present in 
123 of 156 tissue plantings. Conidia from each isolate were inoculated into 
ereen tomato fruits which had been previously sterilized by agitation for 
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5 min. in a 3.5 per cent solution of calcium hypochlorite. Each fruit skin 
was punctured four times through a droplet of conidia in sterile water; 
these inoculated fruits were kept in moist chambers at room temperature 
(25°-27° C.) and observed periodically. Characteristic symptoms were 
observable in each fruit after 14 to 21 days. The identical conidial sus- 
pension was atomized upon nonwounded tomato fruits but no disease symp- 
toms resulted. A similar procedure with fruits im situ yielded similar 
results. Tissue isolations were made from each diseased fruit and only 
T. roseum was recovered. These isolates were then inoculated into steri- 
lized green fruits and typical symptoms were produced. 

Some variability in the fungal isolates from the various glasshouses was 
noted. Those isolates from fruits in Houses II, III, and V were slightly 
slower invaders and grew more upright than did the isolates from fruits in 
Houses | and IV. No other differences were observed. Spore ,arrange- 
ments and measurements were identical. 

TABLE 1. -- Frequency of Trichothecium roseum among isolates ob- 


tained from 40 tissue fragments from 10 rotted tomato fruits in Ohio 
glasshouses, 1950 








Number of tissue fragments 








Number of Yielding 
Source representative Date Cultured Yielding other 
fruits used collected T.roseum organisms 
North Olmsted 
Mense f ....505- 2 Mar. 28 8 6 
 ! ar l Apr. ll = 4 l 
Vermilion 
House i ...... l May 17 4 4 0 
Cleveland 
House IV....... 3 Mar, 28 12 9 2 
Cincinnati 
House V ....... 3 May 11 12 8 3 





Commonly only two secondary organisms were obtained from tissue 
fragments, a Gram-positive, white-pigmented and a Gram-negative, vellow- 
pigmented bacterium. Neither of these two organisms was parasitic on 
sterilized green tomato fruits inoculated by puncturing the skins, four 
times, through a suspension of bacteria in sterile water. The bacteria were 
reisolated only from that tissue destroyed as a result of needle punctures, 
thereby indicating their lack of pathogenicity. When these bacteria were 
inoculated into sterilized green tomato fruits in all combinations with T. 
roseum, symptoms similar to those induced by the fungus alone were pro- 
duced, except that the rotted areas approached a soft watery dark brown to 
black. In each case, the fungus and the bacterium or bacteria introduced 
were recovered from tissue isolations. 

The behavior of conidia on surfaces of uninjured fruit was unknown. 
Conidia suspended in sterile water and placed on potato-dextrose agar com- 
menced to germinate after 6 hr. and approximately 90 per cent had germi- 
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nated within 24 hr. Similar conidia on sterile glass slides in moist cham- 
bers scarcely germinated: after 48 hr. only 1-2 per cent had germinated 
and germ tubes grew very little. The conidial suspension also was atom- 
ized on the disinfected surfaces of tomato fruits. Some of the glasshouse 
fruits were enclosed in nitrocellulose moist chambers, others remained in 
the open. Fruits in the laboratory, likewise, were either placed in moist 
chambers or left in the open. After 48 hr. portions of the tomato skins 
were stripped from the fruits and stained with lacto-phenol cotton blue to 
facilitate observation of conidial germination. Very few conidia were 
found on fruits left in the open and none had germinated. On fruits in 
the moist chambers not more than 1-2 per cent of the conidia had germi- 
nated, and there was no evidence of direct penetration or of any special 
penetration organs. 

The question arose as to when primary invasion occurred under glass- 
house conditions. To investigate the possibility of blossom infection, a 
spore suspension, 90 per cent viable, was atomized upon 30 blossoms just 
following anthesis, during the first week of April, 1950. Fifteen compa- 
rable blossoms sprayed with sterile water developed, in all but two cases, 
into small fruits. Twenty-three of those blossoms atomized with the co- 
nidial suspension later turned brown and dropped. Eighteen of these 
blighted blossoms were tested for the presence of 7. roseum; the corolla was 
removed and the remaining portion of the blossom was placed on potato- 
dextrose agar in a Petri dish. TJ. roseum was isolated from each blossom. 
Those blossoms remaining apparently healthy were tested in a similar man- 
ner but 7. roseum was not present. In similar experiments at a later date, 
when temperatures were appreciably higher, no blight symptoms occurred. 

The most virulent isolate of 7. roseum, previously passed twice through 
tomato fruits, was inoculated by the puncture method into apples, bananas, 
oranges, peaches, pears, and quinces. A firm brown rot was produced in 


each case. 


THE CAUSAL ORGANISM 


The causal organism was identified as 7. roseum Link. As far as the 
author is aware this is the first report of T. roseum being pathogenic on 
tomato, although Plowright (22), in 1881, reported a rare fruit disease 
peculiar to tomatoes grown under glass which was similar to this disease in 
several respects. He classified the pathogen as Dactylium lycopersici (Sae- 
eardo (25) listed the organism Cephalothecium lycopersici (Plowr.) Sace.), 
and stated that the disease *‘commences upon the base of the fruit near the 
attachment of the stalk.’’ Furthermore, his observations and illustrations 
showed three conidia borne upon conidiophores slightly bulbous at the apex. 
These statements are in opposition to the present work but his further de- 
scription, limited as it is, might very well place the causal organism in 
synonymy with T. roseum. 

On potato-dextrose agar the hyphal filaments of new growth are irregu- 
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larly septate with septa forming with age, until at maturity septation is 
quite regular. Colonies are first thin, white, and radiating, later pale pink, 
and still later the mature portions are orange-pink. Growth is floecose, 
prostrate, and limited. Aerial growth consists almost entirely of conidia 
and conidiophores. Conidiophores are upright, simple, and occasionally 
septate with orange-pink, bicelled (occasionally unicelled), smooth conidia 
borne acrogenously (Figs. 2, 3). The conidia are variable in conforma- 
tion, being primarily piriform or oblong-ovate. Conidial measurements 
were 11.4—21.1 by 5.2-11.9 microns; the basal cell of the conidium is trun- 
cate to pointed at the basal attachment and is 5.7-12.3 microns long as com- 
pared to 5.3-10.6 microns for the terminal cell. 

















Fig. 2. Camera lucida reconstruction of morphological characteristies of Tricho- 


thecium roseum. A, successive sporulation stages with conidia borne acrogenously, one 
to many per head (approx. x 390). Upright conidiophores are usually aseptate, occasion- 
ally septate. B-D, unicellular and bicellular conidia (approx. x 850) germinating on 


potato-dextrose agar: B, 6 hr.; C, 12 hr.; D, 24 hr. 


LeClerg (20) states that the cultural data obtained from 7. roseum are 
the same upon Czapek, potato, peptone, maltose, inulin, levulose, and dex- 
trose agars. The described organism complies in reaction upon potato- 
dextrose, Czapek, and maltose agars and is considered similar. The reader 
is referred to this work and to a more complete cultural study by D/’Oli- 
veira (11). 


DISCUSSION 
The 1950 spring glasshouse crop of Ohio tomatoes was grown under ad- 


verse weather conditions. Sunlight was limited and temperatures were 
relatively low. In those houses where the disease was observed, plants were 
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either pollinated by means of an electric vibrator, or their fruits were ‘‘set’’ 
with hormones; in either case injury to the young fruits or to neighboring 
fruits would readily occur. Since 7. roseum grows saprophytically on or- 
ganic substrates and is reportedly widespread, inoculum would probably be 
present in the glasshouse atmosphere throughout the early portion of the 
growing season. Conditions would therefore be near optimum for invasion 
by the pathogen. 

The critical temperature range of 7. roseum has been studied intensively 
by Adeline Ames (2). She found that the optimum for germination was 
19°-20° C., and that conidia were killed at 36° C. In addition, 20°—22° C. 
was maximum for growth and fruiting, with small white colonies, and no 
fruiting bodies developed at 30° C. These temperature data help to explain 
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Photomicrographs of Trichothecium roseum. A, conidiophores with one 
and two conidia (approx 150). B, conidium forming (approx. x 750). C and D, co 


ture bicellular conidia (approx, x 750 
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the lack of development of the disease with the advent of warm weather. 
Possibly this is the reason experiments concerning the blossom-blight as- 
pect of the disease gave variable results, since temperatures in the experi- 
mental glasshouse during the second trials were generally 30° C. or above. 

The available evidence indicates that the disease will not become eco- 
nomically important on glasshouse tomatoes unless a particularly cool moist 
growing season occurs. However, it could prove damaging to tomatoes 


stored under cool, relatively moist conditions. 


SUMMARY 


A minor fruit-rot disease of Lycopersicon esculentum Mill. is caused by 
T. roseum Link. In nature, symptoms caused by T. roseum are generally 
supplemented by those caused by secondary saprophytes. The disease is 


illustrated and deseribed under natural and controlled environmental con- 
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ditions. Primary invasion occurs only following fruit injury, in the light 


of the evidence presented in this paper. Experimental results also indi- 


cate that a blossom-blight disease of tomatoes can be caused by T. roseum 


under favorable environmental conditions. Inoculation tests on apple, 


banana, orange, peach, pear, and quince demonstrate that this fungus is 


similar to previously reported strains on other suscepts. 
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TWO CANKERS OF CINCHONA IN GUATEMALA CAUSED BY 
PHYTOPHTHORA CINNAMOMI AND P. PARASITICA' 


ELLIS F. DARLEY AND MaRCO A. FLORES2 
(Accepted for publication March 22, 1951) 
INTRODUCTION 


Two distinct bark diseases of cinchona, called stripe canker and girdle 
canker, have caused serious losses in some plantings in Guatemala. Prac- 
tically all the plantings consist of clones that are selections of Cinchona 
pubescens Vahl (C. succirubra Pavon), the Ledger form of C. officinalis L., 
or, more usually, hybrids of the two grafted on rootstocks of C. pubescens. 
Stripe canker, shown in the present investigation to be caused by Phytoph- 
thora cinnamomi Rands, may be found in the rootstock and scion of 
practically all the clones. Girdle canker, shown to be caused by P. para- 
sitica Dast., appears to be localized just above the union in the scion of the 
Ledger selections and hybrids. Although these two diseases have been 
recognized for the past three or four years, their cause has not been defi- 
nitely proved. 

In 1886 Eekhout ( 


7) described a bark canker of cinchona from the East 
Indies, which is probably the same disease now known as stripe canker. 
Coster (2, 3) reported an undesignated species of Phytophthora as the 
cause in West Java. 

Thompson (10) first reported P. cinnamomi on cinchona in Malaya in 
1939. He isolated the fungus from decaying tissue in the main root sys- 
tem. In some trees he observed also a decaying and splitting of the bark 
just above and below the soil level, but he was not able to isolate the fungus 
from the split bark. In inoculation studies, the fungus developed slowly 
and the typical symptoms of the decay and splitting of the bark were not 
reproduced. He concluded that his strain of P. cinnamomi was a weak 
parasite on cinchona. 

In 1947 Crandall (4) reported P. cinnamomi as the cause of a nursery 
root rot of cinchona in Peru. Only the smaller roots were affected, the 
larger roots and crown remaining healthy. No symptoms of stripe canker 
were reported. 

1 A contribution from the Instituto Agropecuario Nacional, a technical agricultural 
service organization for Guatemala, operated jointly by the Government of Guatemala 
and by the Office of Foreign Agricultural Relations, U. S. Department of Agriculture. 
United States participation in this work was carried out as part of the Point IV program 
in Guatemala, administered by the Technical Cooperation Administration, U. 8. Depart- 
ment of State. 

2 Formerly Agriculturist (Pathology) and Head, Department of Plant Pathology, 
and Assistant Pathologist, respectively, Instituto Agropecuario Nacional, an agricultural 
experiment station operated jointly by the Guatemalan Ministry of Agriculture and the 
U.S. Department of Agriculture. 

lhe authors gratefully acknowledge the assistance given by John and Owen Smith of 
Fineas Moea and Panama, and of the Merck Co., through B. A. Krukoff, Ralph Pinkus, 
und L. R. Holdridge of Finca El Naranjo, for use of facilities and plant material on their 
plantations, 
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Crandall and Davis (5), in their survey of cinchona root rot in Latin 
America in 1944, described from Guatemala two types of lesions that may 
have been a combination of stripe and girdle canker. Very narrow streak 
lesions extended from infected roots up through the union and into the 
stem of the scion and connected with a larger girdling lesion on the scion. 
A year later Reinking (9) described more clearly what is probably the 
girdle canker as it is now recognized. In grafts of the Ledger form of 
Cinchona officinalis on C. pubescens he noted browned and dead bark on 
the Ledger scion where it joined the rootstock. A species of Nectria was 
found fruiting on the dead bark, but he considered this as secondary and 
suggested that a Phytophthora might be responsible for the trouble. In 
the same year Crandall and Davis (6) reported from Peru a wilt and 
stem canker of the terminal branches of cinchona caused by P. parasitica. 
Infection originated either in the petiole region of the new leaves or in the 
succulent stem tissue. Girdle of the main stem was not listed as a symp- 
tom. They reported that the same disease was present in Guatemala, al- 
though it was not seen by the authors in 1948 or 1949. What appears to be 
the Saline clisease, however. is very serlous in Costa Riea, where it iS re- 
ferred to as top blight, and from which P. parasitica has been isolated by 
C. M. Tucker 


THE DISEASES 


Stripe canker. Infection apparently originates in the roots and ad- 
vances upward through the union and into the stem of the tree. The dis- 
ease is characterized by vertical, linear, slightly sunken stripes of dead and 
dying inner bark (Fig. 1). The stripes may vary in width from 4 in. to 
more than 1 in., and in length from a few inches above the ground in 


young lesions to the full length of the tree as the disease progresses. There 


may be several infection courts on the roots, giving rise to as many stripes 
on the stem (Fig. 1, C In some instances multiple stripes develop on the 
stem from a single infection on the roots because of a ‘* branching’’ of the 
lesion As the disease spreads upward, droplets ot dark, sticky exudate 
appear on the surface of newly infected bark. These symptoms are prac- 
tically indistinguishable from those described and illustrated by Rands 
S$) in his work on the stripe canker of cinnamon in which he described the 
funeus, Phytophthora Crnnanione. 
Th leaves of infected trees ot sole clones become vellowed when Sey 


eral stripes develop, and the trees may eventually die. Trees of other clones, 
however, may have many stripes without apparent injury to the leaves or 
general health of the tree 

Apparently stripe canker is soil-borne. It is a common observation in 
Guatemala that infection spreads from tree to tree in a downhill direction, 
probably from inoculum carried on and in the soil by rain. As will be 


Fro orrespondence in tl files of the Experimental Plantations Co., Finea El 
nala, furnished to the writers through the courtesy of B. A. Krukoff, 
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! Fic. 1. Symptoms of stripe canker on cinchona: A-C, natural infection; A, long, 
narrow, sunken stripes of diseased bark; B, same as A with outer bark removed to show 
bark (note stripes coming up from roots) ; C, root of 


dead and discolored tissues of innet 
away to show path of multiple infection through root 


infected tree, with outer bark cut \ 
into stem. D and E, tree inoculated with Phytophthora cinnamomi; D, point of inocula 
| showing bandage covering inoculation, with stripe faintly 


tion about 4 ft. from groun 
as bark has become slightly sunken: E, same as D 


visible above and belew the bandage 
with outer bark cut away to show dead and discolored tissue of stripe. 
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pointed out later, the fungus was isolated from the soil in the vicinity of 


infected trees. 

Girdle canker. Girdle canker, as its name implies, girdles the tree. The 
bark of the scion above the graft union is killed and becomes sunken in a 
horizontal band measuring from two to several inches in width (Fig. 2) 
The sunken appearance is accentuated by the inrolling of callus tissue above 
and below the dead area. The canker may spread up the stem of the scion, 
but in no tree was infection found to go below the graft union and into the 
rootstock more than 4 in. Leaves turn yellow and there is a gradual die- 
back of the twigs and branches, culminating eventually in the death of the 
entire tree. Previous observations by one of the plantation managers indi- 
cated that infection took place through the leaves and petioles of small 





Fig, 2. Symptoms of girdle canker on cinchona: A and B, naturally infected tree 


completely girdled just above graft union; girdle appears accentuated because of inrolling 
of callus above and below diseased tissue; outer bark removed in B to show healthy tissue 
above and below girdle. C, tree inoculated with Phytophthora parasitica completely 
girdled in about 3 months; outer bark cut away shows extent of dead tissues of inner bark, 


shoots at the base of the scion and advanced into the bark of the main stem 
where girdling occurred. Many instances were found by the authors where 
the dead shoots were still attached to the scion at the site of the girdle 
lesion. Other cases were found where the leaves and petioles of these 
small shoots were beginning to wilt and die and P. parasitica was isolated 
from such shoots. 

Typical girdling was not found on small seedlings or grafts in nursery 
beds. There were, however, trees in nurseries on which the terminal leaves 
and stem were wilted and dead. As will be pointed out later, P?. parasitica 
was isolated from these nursery trees. In these respects the girdle canker 


and infection in the nursery are similar to the disease described by Crandall 
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and Davis (6) in Peru and to the top blight in Costa Rica. It is not known 
whether the Peruvian or Costa Rican isolates of P. parasitica cause girdle 
canker. 

ISOLATION OF CAUSAL ORGANISMS 

Isolations were first made by C. M. Tucker early in 1948 from material 
sent to him by the Merck Co. from their plantations in Guatemala and 
Costa Rica. He obtained P. cinnamomi and P. parasitica from. stripe 
canker and girdle canker lesions, respectively.*. Additional isolations made 
by Tucker gave the same results. 

In late 1948, the authors made isolations from stripe and girdle canker 
lesions and from the soil in an area in which the trees were badly diseased 
with stripe canker. In every case where isolations were successful, P. cinna- 
mom? Was obtained from stripe-canker lesions and P. parasitica from girdle 
canker. Isolations from diseased nursery stock yielded both fungi, P. 
cinnamomi being obtained from stripe-cankered trees and P. parasitica 
from plants whose top leaves and stems were wilted and dead. The latter 
plants had not developed typical cankers. The manner in which they were 
being attacked would prevent such a canker from forming as the plants 
were being killed progressively from the tip downward. As mentioned 
above, P. parasitica was also isolated from the wilted leaves of small shoots 
at the base of larger trees in the field. 

Using Tucker’s apple technique for isolating Phytophthora from dis- 
eased tissues (11), isolations were made from soil taken at a depth of 3 to 
6 in. in the vicinity of stripe-cankered trees. P. cinnamomi was obtained 
in several cases. A similar method has since been described by Campbell 
(1) in relation to the little-leaf disease of pines in the United States. 

PATHOGENICITY STUDIES 

Preliminary inoculations were first made with both species of fungi on 
seedling trees of C. pubescens and with P. parasitica on seedlings of the 
Ledger form of C. officinalis growing in Guatemala City. In 21 days stripe 
cankers 3 to 6 in. long had developed on trees of C. pubescens inoculated 
with P. cinnamomi. On trees of C. pubescens inoculated with P. parasitica 
there was no evidence of positive attack by the fungi except for a slight 
discoloration of the tissues immediately surrounding the point of inocula- 
tion, a condition that confirms the observation reported above—that in 
natural infection of girdle canker the disease does not spread downward 
into the rootstock of C. pubescens. The Ledger seedlings inoculated with 
P. parasitica were killed, but no localized girdle lesions were formed, prob- 
ably because the trees were so small. 

On the basis of these inoculations, one isolate each of P. cinnamomi and 
P. parasitica was selected for extensive inoculations on various clones in 
field plantings. Five trees of each of 19 clones were inoculated with each 
isolate. Inoculum was grown for about 7 days on sterilized corn kernels 


4See footnote 3. 
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partially submerged in potato-dextrose agar in Petri plates. At the time 
of inoculation a small wound was made in the bark of the tree with the 
point of a knife and one kernel of corn inserted in the wound. The wound 
was then covered with a small pad of cotton. The cotton was covered with 
a slightly larger piece of cellophane, which was tied to the tree (Fig. 1, D). 
Sterile corn kernels were inserted in similar wounds in control trees. Inocu- 
lations with P. parasitica were made about 12 in. above the graft union. 
In earlier experiments, inoculations with P. cinnamomi were made about 
+ ft. above the ground (Fig. 1, D), and later in the rootstock just below 
the ground line. There was no difference in the results due to position of 
the infection court. 

Definite stripes began to appear on trees inoculated with P. cinnamomi 
in about 12 days. After 30 days trees of all clones had developed stripes 
that varied from 8 to 16 in. in length. By the end of 2 months some of 
the stripes were 72 in. long and by 43 months were more than 10 ft. long 

Fig. 1,E). Typical sinking of the bark was evident after 60 days, as were 
also the droplets of dark exudate from the bark most recently invaded. 
P. cinnamomi was reisolated from some of these trees. On one clone, 
designated Z-15, stripes developed as rapidly as on other clones for the first 
30 days. After that they ceased to elongate, indicating that the clone had 
some resistance to the disease. It is a common observation among the 
cinchona growers that Z-15 is one of the more vigorous clones and more 
tolerant of adverse conditions. In some naturally infected trees, stripes 
may develop the full length of the stem. In others, stripes 2 to 5 in. 
long at the base of the trees were no longer in June 1949 than when first 
noted in October 1948. These differences indicate that strains of the 
funeus exist. 

On 15 clones, one of which was a selection of the Ledger form of C. 
officinalis, there was only slight infection from inoculation with P. para- 
sitica. Im many cases death of the bark tissue extended less than 1 in. 
from the point of inoculation, and after 130 days the infection appeared to 
have been walled off by callus tissue. These trees appeared to be very 
resistant On four clones, however, three of which were selections of 
Ledger and one a hybrid, the lesions developed rapidly and increased in 
width until within 3 months the trunks of the trees had been girdled 
completely (Fig. 2, C). The fungus was reisolated from these trees. These 
experimental results were not in harmony with field observations. Inocu- 
lated trees of clone Z-92 were classed as resistant, whereas in the field some 
plantings of the clone had been practically eliminated as a result of girdle 
canker. This discrepancy would indicate that here again there are different 


strains of P. parasitica that cause girdle canker. 


SUMMARY 


Stripe canker and girdle canker, two distinct bark diseases of cinchona, 
hitherto undescribed in the Western Hemisphere, have caused serious losses 
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in some plantations in Guatemala. Isolation and inoculation studies showed 
that the diseases are caused by Phytophthora cinnamomi and P. parasitica, 
respectively. 

P. cinnamomi is soil-borne and attacks all the clones tested. Only one, 
clone Z-15, appeared to have any degree of resistance. The girdle-canker 
fungus apparently enters the host through small succulent shoots near the 
base of the tree. Many of the clones inoculated were highly resistant to 
this disease. 

Differences noted between results of experimental inoculations and the 
reactions of various clones in the field indicate that there are probably 
physiological strains of each fungus involved in these two diseases in 
Guatemala. 

INsTiITUTO AGROPECUARIO NACIONAL 

GUATEMALA City, GUATEMALA 
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A VIRUS RING SPOT OF ODONTOGLOSSUM ORCHID: SYMPTOMS, 
TRANSMISSION, AND ELECTRON MICROSCOPY 


D. D. JENSEN AND A. HERBERT GOLD 
(Accepted for publication April 4, 1951) 


The experimental transmission of viruses infecting orchids has been pre- 
viously reported for only four genera, Dendrobium, Cattleya, Cymbidium, 
and Vanda. Nobrega (7) in 1947 transmitted a virus from Dendrobium 
nobile, by mechanical inoculation, to Nicotiana tabacum, N. rustica, and 
V. glutinosa in Brazil. However, he failed to infect healthy Dendrobium, 
Cattleya, or Oncidium. In 1949 Jensen (3) reported transmission of a 
flower breaking virus from Cattleya to Cattleya in California by means of 
the green peach aphid, WMyzus persicae (Sulzer). A widespread virus dis- 
ease of Cymbidium was found by the same writer (4, 5) to be mechanically 
transmissible. The first purification of an orchid virus was reported in 1950 
and 1951 by Gold (1, 2), who described and illustrated the sinuous rod- 
shaped virus particles isolated from a mosaic Cymbidium plant. A virus 
causing color breaking in the flowers of Vanda Miss Joaquim in Hawaii was 
reported by Murakishi (6) in 1950 to be transmissible by grafting and by 
juice inoculation, but not by two species of aphids tested. 

The present paper reports transmission and purification of a ring-spot 
virus of Odontoglossum grande Lindl., the symptoms of which are markedly 
different from those described for other known orchid viruses. To the 
knowledge of the authors, this is the first record of a virus disease in Odonto- 
glossum orchids. 

In November 1949 a plant of Odontoglossum grande was received which 
had symptoms apparently caused by a virus. The plant was large, but was 
making little growth. The shriveled pseudobulbs carried three normal- 
sized leaves, two of which had concentric necrotic rings (Fig. 1, A). This 


plant served as the original source of virus for these investigations. 


TRANSMISSION OF RING-SPOT VIRUS 


The healthy plants of Odontoglossum grande’ used in these tests were 
in a vigorous condition and had four to seven pseudobulbs. All test plants 
used in the host-range study were grown from seed in the greenhouse. For 
inoculation, the leaves of the test plants were sprinkled lightly with car- 


borundum dust and then rubbed with a cotton swab soaked in infective 


juice. Within 5 min. after inoculation, these leaves were washed with tap 
water. <A control plant was maintained for each test plant inoculated; all 
plants were kept together on the same bench in the greenhouse, and all con- 


trols have remained healthy. 
Four of the control plants received the following treatment to deter- 
The writers acknowledge their gratitude to the E. W. MeLellan Company of San 
Francisco for donating the healthy Odontoglossum grande orchids used in this study. 
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mine whether necrotic lesions could be produced in the absence of ring-spot 
virus. All leaves were sprinkled with carborundum. Using a cotton swab, 
the right half of each leaf was then rubbed with juice from a healthy plant 
and the left half with distilled water. No lesions developed on any leaves. 

Five healthy plants were inoculated with freshly expressed juice from 
the original diseased plants. All five developed symptoms and subsequently 
served as inoculum for four additional tests. The four subinoculated plants 
also developed symptoms. The time between inoculation of test plants and 
appearance of the first symptoms was from 10 to 40 days, averaging 21 
days. The incubation period in days for the individual plants follows 


10, 11, 11, 11, 14, 21, 31, 40, 40 





Fig. 1. Leaves of Odontoglossum grande with symptoms of ring-spot virus. A. 
Concentric necrotic rings on leaf from naturally infected plant. B, C. Leaves from ex 
perimentally infected plants photographed 43 days after infection: B, diamond-shaped 


areas of light green, yellow, and necrotie tissue; C, light green rings and spots coalescing 
and overlapping. 


A single healthy plant was inoculated with an aliquot of the purified 
virus preparation which had been used for electron microscopy. This prep- 
aration was suspended in distilled water and used as inoculum 2 days after 
the juice had been extracted from the leaves of diseased plants. The first 
symptoms of the disease appeared on the leaves as necrotic spots 10 days 


after inoculation. 


SYMPTOMS OF RING-SPOT VIRUS ON ODONTOGLOSSUM GRANDE 


Leaf symptoms caused by ring-spot virus vary considerably among in- 
fected plants. Typically, the first evidence of disease appears as small 
necrotic spots or rings on the upper surface of one or more of the older 
inoculated leaves or as light green to pale yellow, circular, oval, or diamond- 
shaped areas, usually on somewhat younger leaves. These spots may be 


distinct or may present only a mild halo effect (Fig. 1, C). They vary 
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from 0.5 to 2 em. in diameter. Within a few days after the first chlorotic 
symptoms appear, the margins of the affected areas become yellow, the en- 
closed tissue frequently remaining light green. Within a few weeks after 
first symptoms, the outline of some rings may be partially or entirely ne- 
erotic, the middle portion remaining light green or yellow. In some cases 
the entire zone becomes necrotic above (Fig. 1, B) and the under surface 
appears water-soaked. 

The necrotic rings are usually single, but there may be several concentric 
brown to black rings with green to vellow tissue between the necrotic lines 

Fig. 1, A) and the central spot necrotic or normal. The ring spots may be 
isolated from each other by normal tissue or may overlap or coalesce to form 
larger compound patterns. 

The first leaves to show symptoms are usually more severely affected than 
later leaves. Some affected leaves turn yellow and drop within 2 to 3 
months. Others with ring symptoms may persist for several months. 

Three Odontoglossum plants were inoculated on only one half of each 
leaf to determine how soon symptoms appeared in the noninoculated por- 
tions of the leaves. The first symptoms appeared on the inoculated halves 
about 2 weeks after infection, and on the uninoculated halves 2 to 4 weeks 
later. Evidence of disease appeared on the noninoculated halves as light 
green tissue adjacent to the inoculated tissue, or as necrotie rings involvy- 
ing portions of both halves of the leaves. 

Fully expanded leaves borne by the voungest bulbs of the plants some- 
times develop a transient rather than a lasting symptom. <A few days after 
symptoms appear on the older leaves, the younger inoculated leaves develop 
irregular, lighter green, ovoid areas which at first can be seen only by 
transmitted light, and which suggest incipient water-soaked areas. These 
lesions may progress to form conspicuous vellowish green areas, or may 
persist for a few weeks and then gradually disappear. 

Ring-spot virus produced no evident flower symptoms in the two dis- 


ast dl plants which flowered. These had been infected for 7 months prior 


} 


to blooming 

The available evidence suggests that ring-spot virus causes an initial 
shock effect on Odontoglossum indicated by the production of striking leaf 
symptoms, whereas later growth appears to carry the virus with little or no 


‘ 


isible evidence of the disease. Whether this masking is permanent or 
temporary is at present unknown. <A year after the initial diseased plant 
was received, juice from one new bulb and its leaves, which had no definite 
symptoms, proved infectious when inoculated into healthy plants. The 


leaves produced during the summer of 1950 on plants experimentally in- 
fected during the first week of January 1950 were svmptomless and of nor- 


mal size, but their juice was infectious when inoculated into healthy plants. 


ELECTRON MICROSCOPY 


n preparation for study of the virus in the electron microscope, leaves 


taken from diseased and healthy plants were subjected to parallel treat- 
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ment as follows: 2 ce. of 0.1M phosphate buffer (pH 7.0) was added per gm. 
of leaf tissue. This was ground in a mortar with the aid of washed quartz 
sand. The ground suspension was strained through cheesecloth, then the 
juice was centrifuged at 10,000 r.p.m. for 10 min. The supernatant was 
centrifuged at 35,000 r.p.m. for 1 hr. The resulting pellet from diseased 
leaves was transparent, but tinted green by chloroplast fragments; that 
from the healthy leaves appeared to consist entirely of chloroplast frag- 
ments. These pellets were suspended in 0.1M phosphate buffer, pH 7.0, and 
subjected to two further cycles of low- and high-speed centrifugation. The 


» eed 
_ 
‘ bd 
ed 





Fig. 2. Electron micrograph of purified ring-spot virus of Odontoglossum grande. 
The polystyrene ball is 260 my in diameter, 
particles in the preparation from healthy tissue readily sedimented on the 
low-speed centrifugation, so that there was no remaining pellet at the end 
of the treatment. The pellet from the diseased leaves, after three cycles of 
centrifugation, was a clear gel. It was suspended in 0.01M_ phosphate 
buffer, pIl 7.0, to which a few drops of polystyrene latex (Dow Chemical 
Co. Lot 10t 508G) were added for size calibration (diameter = 260 mu). 
The suspension Was spraved on collodion films on electron microscope speci- 
men screens, was shadowed with palladium, and the preparation was exam- 
ined in the electron microscope. Similar specimens were prepared from 
healthy tissue, although no pellet remained after the purification procedure. 
») 


Phe preparation from diseased tissue Mig. contained rod-shaped 


particles, slightly sickle-shaped. Based on measurement of approximately 
1000 particles, the particle lengths (Fig. 3) varied from less than 50 to 
more than 600 mu, but there was a rather sharp central peak at about 280 mu. 
The particles were uniformly about 24 mu in width. No comparable par- 


ticles were observed in the preparation from healthy leaves. 
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HOST RANGE 


Attempts to find plant species, other than Odontoglossum grande, which 
are susceptible to infection by ring-spot virus have thus far been unsuccess- 
ful. Twenty-one species of plants representing 19 genera in 11 families of 
plants including a Cymbidium orchid were mechanically inoculated with 
expressed juice from ring-spot diseased plants. No symptoms have been 
produced to date in any of the plants except O. grande. The nonsusceptible 
plant species tested are: Cymbidium hybrid; sugar beet (Beta vulgaris 
L..); China aster (Callistephus chinensis Nees); Zinnia sp.; lettuce (Lac- 
tuca sativa L.); globe artichoke (Cynara scolymus L.) ; pak choi (Brassica 


chinensis L.): annual stock (Matthiola incana R. Br. var. annua Voss) : 
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squas! Cucurbita maxima Duchesne : cucumber (Cucumis sativus L. ; 
eorn (Zea mays L var. Golden Bantam; cowpea (Vigna sinensis Savi 

var. Black Eve; crimson clover (Trifolium incarnatum L.) ; common plan- 
tain Plantago major L.); tomato ( Lycope rsicon esculentum Mill.) ; to- 
baceo Vir otiana tabacum L. var. Turkish : tobacco ( N. glutinosa ; jimson- 
weed Datura stramonium L.); garden nasturtium (Tropacolum MLA JUS 


L.); celery (Apium graveolens Ll.) var. Golden Self Blanching. 
DISCUSSION 


The failure of ring-spot virus to infect nonorchidaceous hosts is not sur- 
prising because, of the orchid viruses discussed in the literature, only that 
infecting Dendrobium nobile in Brazil has been reported infectious to spe- 
cies outside of the orchid family. In this latter instance the virus was be- 


lieved to be a strain of cueumber mosaic virus (7). Cymbidium was tested 











1951 | JENSEN AND GOLD: ORCHID VIRUS 653 


as a possible host because it shows promise of being susceptible to more 
orchid viruses than are other genera. In addition to a mosaic virus which 
it commonly carries, Cymbidium is a host of a virus originally from Cattleya 
with particles morphologically very similar to those found in preparations 
from Odontoglossum (Figs. 2, 3) 

Of the nonorchidaceous viruses which have been studied in the electron 
microscope, the particles from Odontoglossum appear to resemble most 
closely the particles of tobacco mosaic virus, but are wider (24 mu vs. 15 mu) 
and possess a stronger tendency toward curvature. 

The ultimate effect ring-spot virus has on Odontoglossum plants is as 
yet unknown. It causes some leaf drop during the early months of infec- 
tion, but thereafter appears to affect the plant less severely and is possibly 
carried without symptoms for an indefinite time. 


SUMMARY 


A virus disease of Odontoglossum grande is characterized by single or 
concentric necrotic rings on the leaves enclosing tissue varying from normal 
green to black. 

Symptoms produced during the first months after infection are more 
severe than those developing later. New growth produced after infection 
is symptomless for an indefinite time, but virus can be recovered from 
symptomless leaves of diseased plants. 

Ring-spot virus is readily transmissible to healthy plants by juice in- 
oculation, the first symptoms usually appearing in about 2 weeks. 

In the electron microscope, ring-spot virus particles are rod-shaped with 
a tendency to slight curvature. The particles are uniformly about 24 mu 
in width and the most common length is 280 mu. 

The host range of the virus, outside Odontoglossum, appears to be lim- 
ited, as no symptoms were produced in any of 20 species of plants repre- 
senting 18 genera in 11 families of plants inoculated mechanically with 
infective juice. 

DivIsIONS OF ENTOMOLOGY AND PLANT PATHOLOGY 

UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 
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PHYTOPATHOLOGICAL NOTES 

sten and Root Rot oO; Daphne odora Cause d by Phytophthora parasitica, 
C. M. TompkKINs AND C. M. Tucker. Daphne odora Thunb., an ornamen- 
tal flowering shrub grown in nurseries, parks, estates, and home gardens in 
Santa Clara, San Mateo, and San Francisco counties of California, is sus- 
ceptible to fungus infection of the stem, crown, and roots during the wet 
winter season. A similar disease of Daphne (species not given) was found 
in 1948 in metropolitan gardens at Sydney, New South Wales, Australia," * 
following excessive spring and summer rains. Phytophthora parasitica 
Dastur and Nelerotium rolfsi Sace. were listed as the causal organisms. 

Infection of Daphne spp. probably is fairly common. In 1937 the writers 
isolated and identified P. cactorum (lL. & C.) Schroet. from D. cneorum L. 
at St. Helena, California. In 1938 an isolate of the same species from the 
same host, obtained by A. W. Dimock at Brewster, New York, was identi- 
fied. In 1939 J. A. Milbrath sent a culture of the species, also from D. cneo- 
rum L., obtained in Oregon. Our earliest records of P. parasitica on 
Daphne are in 1940, when J. T. Middleton sent an isolate obtained in Cali- 
fornia from D. odora, and P. A. Miller obtained the species from a crown 
rot of Daphne sp. at Ontario, California. All identifications were by one 
of the writers 

The principal environmental factors that favor inception and spread of 
the disease are excessive irrigation, inadequate drainage, and cool weather. 
The disease is not confined to low, flat areas but may occur on sloping ground 
if the soil is kept extremely wet. The crop may fail when soils become 
waterlogged. When Daphne plants are grown on well-drained sites and 
supplied with only enough moisture to satisfy growth requirements, the 
incidence of the disease is greatly reduced. 

Plants of Daphne odora of all sizes, from rooted cuttings to large, flower- 
ing specimens, appear to be susceptible to infection. Dark-brown to black, 
irregular, water-soaked lesions appear first on the stem at or near the soil 
line and later coalesce to form larger lesions which frequently girdle the 
sten Internally, the invaded tissues turn brownish-black and are sharply 
delimited from the adjoining healthy areas. Discoloration of the stem, 
both internally and externally, may extend for several centimeters above 
the soil line, while all crown and underground parts are involved. The 
water-soaked, blackened roots quickly disintegrate. Coinciding with stem, 
crown. and root infection, severe wilting of the foliage and flowers occurs. 
In late stages of the disease, infected plants may collapse because of struc- 
tural instability. 

Diseased material collected at Millbrae, California, in October 1946. and 


plated on malt-extract agar, has consistently yielded Phytophthora para- 
\nonymous. Plant disease survey for the twelve-month period ending 30th June. 

Eighteenth Ann. Rpt., New South Wales Department of Agriculture. 70 pp. 1948. 
Anonymous. Plant disease survey for the twelve months ending 30th June, 1949. 


Nineteenth Ann. Rpt., New South Wales Department of Agriculture. 51 pp. 1949. 
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sitica Dastur. The isolates grew well on various culture media. On corn- 
meal agar (pH 6.0) at 25° C., the type of mycelial growth was indistin- 
guishable from that of an isolate of Phytophthora parasitica obtained from 
a tomato fruit in Missouri. Tufts of mycelium in a somewhat concentric 
arrangement appeared as the fungus spread over the plates. The optimum 
temperature for growth was 28°-30° C., and all isolates grew fairly rapidly 
at ae 

Oogonia, oospores, and antheridia were not found in cultures on several 
organic media. Sporangia and chlamydospores were abundant in oatmeal 
agar cultures 4 weeks old. The sporangia were hyaline, limoniform, con- 
spicuously papillate, 23-62 x 17-48 u, with a mean size of 47.3 x34.1 uw. 
Chlamydospores were spheroidal, with a slightly thickened wall, hyaline to 
light brown, 16-42 u in diameter, with a mean of 26.2 u. 

The Daphne isolates behaved similarly, in every respect, to the tomato 
isolate, and are considered typical of Phytophthora parasitica. In wounded 
apple fruits they caused a firm, somewhat mealy and dry, light brown rot 
visible as a brown circular area about 1 in. in diameter 4 days after inocu- 
lation. In wounded potato tubers, after 8 days, the invaded tissue was 
slightly flabby and involved one-quarter to one-half of the tubers. The 
cut surfaces ot invaded tissues were not discolored, but after a few minutes’ 
exposure to air, they became pink. When young tomato plants were inocu- 
lated in wounds near the base of the stem, a dark rot of the tissues resulted 
in collapse of the plants. In similar inoculations of pepper and tobacco 
plants, the isolates proved nonpathogenic. 

Two isolates of the fungus proved pathogenic to healthy plants of 
Daphne odora grown in sterile potting soil from cuttings. Inoculum was 
prepared by growing the fungus on sterilized cracked wheat in 8-in. test 
tubes. When ready for use, this was added to autoclaved soil contained in 
6-in. pots in such a manner as to avoid injury to the root system of the young 
plants. Sterile cracked wheat was added to the pots serving as controls. 
All pots were heavily watered each day in order to keep the soil very moist. 
The incubation period ranged from 3 to 5 weeks, and all infected plants 
died within 2 weeks after symptoms of the disease were well advanced. 
Of 14 healthy plants inoculated with each isolate, none escaped infection, 
Whereas the 10 control plants remained healthy. The fungus was reisolated 
from each infected plant and proved to be identical with the original iso- 
lates. The reisolates proved highly pathogenic. Symptoms on the artifi- 
cially infected plants were identical with those of naturally infected plants. 

Twelve young, healthy plants of Daphne cneorum artificially inoculated 
in the greenhouse with one isolate of the fungus became infected and died 
Within 4 weeks after inoculation. Six noninoculated control plants re- 
mained healthy.—Division of Plant Pathology, University of California, 
Berkeley, California, and Department of Botany, University of Missouri, 
Columbia, Missouri. 
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Hollow Heart of Cacao Beans. R. Cirerri. A peculiar malformation 
of fresh Criollo cacao beans in Venezuela is characterized by blackish-brown 
discoloration of the central portion of the seed which appears as a small 
lenticular cavity. This cavity, which is only recognizable in transverse or 
longitudinal sections of the fresh bean, is completely enclosed by the sur- 
rounding healthy, pale pink or white flesh of the cotyledons. The affected 
tissues surrounding the cavity, and the cavity itself, are always sterile. 

Hollow heart is found only in beans of Criollo subspecies or in high- 
quality hybrids, e.g., the best crosses with well-defined characteristics of 
Criollo cacao of the Venezuelan Forastero' which is the best market-type 
commercial cacao. Therefore the presence of hollow heart can be used as 
an indication of the degree of Criollo stock in superior strains of the Vene- 
zuelan Forastero. 

Beans of both Criollo and native types, having pods with greenish-white 
or purplish-violet color before maturing, are affected by the disease but it is 
most frequent in the Venezuelan Criollo type. All pods from a single dis- 
eased tree contain abnormal beans but apparently the number of diseased 
beans is greater in pods that develop during the dry season or in pods of old 
or unhealthy trees. Beans with hollow heart may be distributed irregularly 
throughout a pod but most frequently they are localized in the distal por- 
tion of the fruit. The disease is recognizable only during the last stage of 
ripening of the pods. It begins as a narrow, short, brown stripe which in- 
creases along both orthogonal axes. Diseased seeds do not develop into 
seedlings. 

Hollow-heart disease of cacao is of no economic importance as it is found 
in only a very small percentage of beans, rarely reaching 10 to 15 per cent 
or from 1 to 5 seeds per pod. 

The first hypothesis as to the nature of the disease is that it is of genetic 
origin, but explanation is difficult. An alternative hypothesis is that the 
disease is the result of a nutritional deficiency such as is frequently found 
in cacao estates in the sandy valleys of the Caribbean coasts.—Italian Cryp- 
togamic Laboratory and Botanical Institute, The University of Pavia, Italy. 

1 Ciferri, R. Early ‘Criollo’ cacao in Surinam and the origin of ‘ Forasteros’ of 
Trinidad and Venezuela. Nature 163: 953. 1949. 























MEETING OF THE NORTHEASTERN DIVISION OF 
THE AMERICAN PHYTOPATHOLOGICAL SOCIETY 


The Northeastern Division met at Springfield, Massachusetts, on De- 
cember 19 and 20, 1950. Abstracts of thirteen papers were presented at 
the meetings. 


Control of Tobacco Nematodes by Soil Fumigation. ANpbreRSON, P. J. Two kinds 
of nematodes affect Connecticut Valley tobacco: 1) root-knot nematode (Heterodera 
marioni) and 2) the brown root-rot or meadow-nematode group (Pratylenchus pratensis 
and others). Experiments of the last 5 years show that both can be controlled by fumi- 
gating the fields with ethylene dibromide or DD. Affected plants are often so stunted 
that the crop is not worth harvesting. On a lightly infected field replicated tests gave 
an increase of 11 per cent in yield and further increase in grading of 11 per cent, a net 
increase of $150 an acre by fumigation. Part of the benefit is due to increase in the avail- 
able nitrogen in the soil. Bromine content of leaves is increased by ethylene dibromide 
but has no harmful effect. Taste, aroma, and combustion qualities of the cured tobacco 
are not affected. Benefits last at least 2 years. 


Effectiveness of Three Phenyl Mercury Formulations for the Control of Apple Scab. 
COHEN, SYLVAN I. Because of variable individual field performance of three pheny] 
mercury fungicides, a critical study was undertaken to compare these compounds for 
fungitoxicity under similar conditions. The chemicals studied were phenyl mercuri tri- 
ethanol ammonium lactate (Puratized Agricultural Spray), phenyl mercuri monoethanol 
ammonium acetate (Puratized Apple Spray), and phenyl mereuri formamide (Puratized 
806). Equimolar aqueous solutions of each compound performed differently in spore- 
germination tests and in growth-inhibiting concentrations against seven species of bac- 
teria and seven species of fungi. However, solutions adjusted to contain equivalent 
amounts of the phenyl mercury group for each compound gave significantly similar 
results in these tests; viz., similar LD-50 values and slopes for Stemphylium and Sclero- 
tinia; and bacteriostatic and fungistatic concentrations. Common lots of these equiva- 
lent phenyl mereury solutions were tested against apple seab at six locations on one or 
more varieties. Two years’ results for six varieties showed consistently equal scab con- 
trol between formulations, although in one year or at one location occasionally, significant 
differences were reported. These differences did not recur. It is suggested that the 
C-Hg-N bond is the active component of these particular water-soluble phenyl mercury 
compounds associated with toxicity to microorganisms. 


Control of Brown Patch of Turf in New Jersey. Davis, S. H., R. E. ENGEL, AND 
G. SILBER. In 1950, nine fungicides were tested for their value in the control of brown 
patch (Rhizoctonia solani) on seaside bent (Agrostis palustris), Nine applications were 
made between June 29 and September 18 on three replicated and randomized plots of 50 
sq. ft. for each treatment. Seven times throughout the summer, brown-patch outbreaks 
were counted and measured. The treatments were ranked thus according to control: 
Caloclor (mercuric and mercurous chloride) and Orthocide 406 (N-trichloromethylthio 
tetrahydrophthalimide), less than 1 per cent diseased; Crag 531 (calcium zine copper 
cadminate), Puraturf (phenyl mercury triethanol ammonium lactate), P.M.A.S. (phenyl 
mercury acetate), Tersan (tetramethyl thiuramdisulfide), and Crag 1025 (Cadmium and 
mereury complex), 4 to 9 per cent; Actidione (antibiotic), and Puraturf 177 (p-amino 
phenyl cadmium dilaectate), 39 and 63 per cent. Caloclor, Puraturf, and P.M.A.S., were 
definitely toxic to the bent grass in mid-summer. Puraturf and P.M.A.S. eliminated the 
erab grass in the plots. Two commercial stickers, Spred-O-Stick and VL600, added to 
Tersan treatments and Spred-O-Stick added to a Puraturf treatment showed that it was 
impractical to double the length of time between treaments and still control brown patch. 
When used at the standard 10-day intervals these treatments gave results similar to those 
of the fungicides when used alone. 


Top Soil Application of Chemicals for Controlling Carnation Wilt Diseases. GUBA, 
EmMIL F., AND RALPH W. AMES. Numerous chemicals were compared to determine their 
effectiveness in disinfesting soil of Fusarium dianthi, Rhizoctonia solani, and Phytomonas 
caryophylli and were applied at rates of 0.05, 0.1, 0.2, and 1.0 gm. per 30 gm. of inoeu- 
lated soil (theoretically 4 sq. in. by } in. or 6, 12, 24, and 120 oz. to 100 sq. ft. of bed). 
Neither fungus was recovered from any of the mixtures of Phygon and soil. Fermate 
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was strong fungicidal and striking action was shown by Semesan Jr., Semesan, Semesan 
Bel, New Improved Ceresan, and mercuric bichloride at 0.05 gm. Only mercuric bi 
chloride was bactericidal at this concentration. At the 0.l-gm. rate, all of the mer 
curies were fungicidal and New Improved Ceresan, Pfizer’s M mixture, and mercuric 
bichloride were fungicidal and bactericidal. At this rate, neither fungus could be recoy 


ered from the soil mixture. Both Puratized Apple Spray and Tag fungicide in the soil 
were fungicidal but not bactericidal at dilutions of 1: 800. At dilutions of 1: 400, 
Puratiz \gricultural Spray was neither fungicidal nor bactericidal. In our applied 
studies we have not controlled Fusarium or bacterial wilt. The control of Rhizoctonia 
stem rot was best with Fermate, New Improved Ceresan, Semesan, and Pfizer’s M Mix 
ture in six applications over a period of 5 months in advance of and during the critical 
summer season for disease. Flower production was best with New Improved Ceresan 


ind Fermate but the improvement over no treatment was not significant. Tag Fungicide 
331 apphed four times at 3-wk. intervals gave significant control of Rhizoctonia stem rot. 


{ Method of Making Artificial Field Inoculations on the Leaves and Fruit of Toma 


toes. HOapb , A.D. Aluminum foil envelopes were used as individual moisture cham 
bers for f noculations of tomato fruit with Colletotrichum phomoides (Sace.) Chester 
ind tomato leaves with Stemphylium solani Weber. Temperatures sufficiently high to 
ll or great retard the growth of some tomato pathogens would be encountered in a 
fiell moisture chamber of nonreflective material. Fluctuations of day and night tem 
peratures induced condensation of moisture on inoculated portions of the plant within 
the foil envelope. Free moisture was continuously present within the foil moisture 
chamber \rtificially induced C. phomoides and S. solani lesions were typical of natur 
Oceu g lesions. Sporulation of artificially induced S. solani lesions initiated a 
rapid spi of this pathogen to other parts of susceptible plants. Since temperature 
governs the rate at which lesions develop, plants of known susceptibility were used as 
ndieators for making disease-resistance readings. The use of aluminum foil envelopes 


s field moisture chambers mav be appheable to other tomato diseases as well as to 


liseases of other crops. 
Relat speerpierty oT Sclerotinia and Stemphylium te Towicants. HIORSFALL, 
JAMES G The fungitoxicity of some 1,000 organic compounds to Sclerotinia fructicola 
ind Se hylium sarcinaeforme has been studied using the spore germination technique. 
Sclerot 1 es in the sugar and acid habitat of the ripening peach. Stemphylium pre 
fers old foliage of clover and a higher pH. These differing requirements probably ex 
pial the f ngs, (: that acid compounds ( COOH, SO.H, even amine hvdrochlori les 
nhibit S phulium the more, b that basie — NH compounds usually inhibit Sclero 
a the more, (¢c) that hydrazines which can react with sugars are more toxic to Sclero 
Phe e¢ hydroxyls re more toxie to Sclerotinia. The C=O group 1s espe 
cially t e to Sclerotinia, whether it occurs in a quinone, an ester, or a bridge between 
two al groups. Sometimes, but by no means always, the toxicity of C=O is associated 
ith keto-enol tantomerism. Chlorination seldom confers fungitoxicity (in contrast to 
nsecticides), but chlorination often improves weak fungitoxicants. Apparently, Sclero 
a requires a bigger lipophilic group than Stemphylium. For example, p-phenylene 
imine is toxic to Sclerotinia, not to Stemphylium. q and B Naphthylamines are toxic 
to botl Phenanthrylamine is toxie to Sclerotinia, not to Stemphylinm. 
V hanical Transmission of Corn-Stunt Virus to An Insect Vector. MARAMOROSCH, 
KARL. Viruliferous Dalbulus maidis DeL. & W. were macerated at 0° C., diluted to 10 
ith 0.25 mM neutral buffered saline, and centrifuged at 3000 r.p.m. for 10 min., and 
R000 ce. of the supernatant injected into each of 100 virus-free D. maidis. 
Single inoculated insects and controls from the same stock were transferred at weekly 
nter s to healthy eorn plants, which were observed in the greenhouse for 3 to 4 months. 
Of four injected le ifhoppers that survived more than 6 weeks, three infected successive 
corn plants until they died. Controls proved virus-free. The test was repeated twice 
id mechanical transmission from insect to insect confirmed. In another test a stunted 
corn leaf s macerated, centrifuged, and diluted in the same manner as the viruliferous 
insect juices Out of 120 leafhoppers, each injected with 1/8000 ee. of a 10-* dilution of 
corn juice, two transmitted virus as long as they lived. Controls proved virus-free. The 
minimum incubation period of the virus in insects injected with either insect or plant 


juices was 6 weeks. These experiments add the fourth plant virus to the list of those 
transmitted to inseet vectors by the injection method. 


Studies of Hormodendrum resinae Lindau, a Common Inhabitant of Creosoted and 
Coal-Tar-Treated Wood. MARSDEN, Davip H. Two distinet morphologic forms of Hor 
mode? esinae have been isolated from creosoted telephone poles. One isolate (New 
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York isolate) is brown-spored, the other (Enola isolate) has spores which are olive-gray 
en masse. Each of these isolates has saltated in culture. Certain physiological studies 
of the Enola isolate are summarized: On nutrient agar containing creosote the growth 
rate of the fungus is reduced sharply by concentrations of creosote up to 2 per cent. 
With greater concentrations up to 8 per cent the growth rate is nearly a constant value. 
That fraction of creosote which distills between 270° and 315° C. is more inhibitory than 
other distillate fractions and whole creosote. It appears that H. resinae can utilize coal 
tar and creosote as a N source, the former more readily than the latter material. Where 
coal tar is the N source, increasing amounts of coal tar up to at least 5 per cent by volume 
in the medium are reflected in a more nearly normal type of growth and sporulation. 
Some growth occurs with coal tar as the sole C source, none with creosote. This apparent 
ability to metabolize these products leads one to suspect that over long periods of time 
the fungus may degrade their preservative values. 


Preliminary Report on Fungicides in Relation to Apple Yield and Quality. PALMITER, 
D. H., anp R. M. Smock. In 1949 long-term fungicide test plots were established in a 
commercial MeIntosh orchard in the Hudson Valley to determine any favorable or ad 
verse effects on yield and quality. The greatest apparent difference the first season was 
the effect on rate of fruit maturity. All plots were harvested at one time but data on 
fruit color, firmness, and respiration rate indicated that the fruit ripened in this order: 
Crag 341-C (2-heptadecyl glyoxalidine), Micronized and flotation sulfur, Phygon (2,3- 
dichloro-1,4-naphthoquinone), Fermate (ferric dimethyl dithiocarbamate), and Tag 
(phenyl mercurice acetate). Fermate was substituted for Phygon and Tag in the cover 
applications. In 1950 the plots were picked in the above order over a 12-day period. 
Tests on stored fruit indicated about the same state of maturity except in the case 
of fruit from the Crag plots which were less mature than the others. Other consistent 
differences noted in the first two vears were: best scab control with Tag, Fermate, and 
Phygon; largest fruit with Tag and Phygon; best fruit color with Fermate, Phygon, and 
sulfur followed by Fermate; best yield with sulfur, sulfur followed by Fermate, and 
straight Fermate; and least harvest drop with Tag and sulfur followed by Fermate. 

Prope rties of Tobacco Mosaic Virus Determined by its Inactivation Deuterons. 
POLLARD, ERNEST, AND A. E. DiMoNnp. Thin dried films of purified TMV were bom 
barded with deuterons, after which the virus was dissolved in buffer and assayed for 
activity by the local-lesion technique. After correcting lesion counts by the count re 
sulting from mere dilution of virus, inactivation caused by deuteron bombardment was 
determined and plotted as a function of dosage. Inactivation must occur at the site of 
the primary ionization caused by deuterons in the dried virus itself, since secondary 
effects occur within a few atomic radii of this point. By varying deuteron energy, one 
may vary ionization density, the distance by which primary ionizations are separated. 
When this distance approaches the dimensions of the infective virus particle, one can 
estimate its size. This proves to be 501502700 A. Moreover, TMV presents a 
target with cross section (the area within which an ionizing event causes inactivation 
of 23x10 em*, This remains constant as ionization density is doubled. For a particle 
having the dimensions given above, these results are explained if inactivation results 
from a single primary ionization occurring anywhere in the virus. Thus, only one 
molecular species occurs in the minimum infective particle of TMV. This is in striking 
contrast to similar experiments on viruses of bacteria where target cross section is pro 
portional to ionization density. Assistance from the Atomic Energy Commission is 
acknowledged. 


Oak Wilt. Rex, EpGar G. Oak wilt, a systemic disease of oak trees caused by the 
fungus Chalara quercina (Henry), has taken a considerable number of trees of the genus 
Quercus in the north-central States. According to artificial inoculations, no species is 
known to be immune. The species of the black (red) group are far less resistant to the 
advance of the fungus than are the species of the white oak group. The establishment 
of new infections beyond the root grafting range is not understood. The fungus readily 
spreads from a diseased tree to a near-by healthy tree of the same species through root 
grafts. Intraspecific root grafting has been demonstrated for many species; interspecific 
root grafting has not. Up to 1950 disease distribution has been surveyed in Wisconsin, 
Minnesota, Iowa, Missouri, Illinois, and Indiana. During 1950 Arkansas, Ohio, and 
Pennsylvania were added to this list. Secondary spread from tree to tree can be mini 
mized or prevented by the prompt interruption of the physiological connection afforded 
by the root grafts. This can be accomplished by 1) mechanical severance of the roots, 
or 2) chemical injection of the diseased tree so as to clean the involved roots. Twig 
samples of suspected trees should be submitted to the Department of Plant Pathology of 
the Agricultural Experiment Station, Trenton, New Jersey, for culturing and diagnosis. 
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A Three-Year Response of Six Varieties of Tomato to a Fungicide Spray Program. 
SCHROEDER, W. T., AND W. T. TAPLEY. Sprayed and nonsprayed plots of Gem, Red 


Jacket, John Baer, Longred, Wisconsin 55, and Rutgers were planted in random order in 
each of six blocks during the years 1947 thru 1949. A five-application schedule of ziram 
ziram-Bordeaux-ziram-Bordeaux was used on the sprayed plots. Yield and disease data 
obtained over the 3-year period indicate that both were functions of variety and season. 
Although spraying had no significant effect on total yield of ungraded fruit, it increased 
the yield of number one equivalent fruit of all varieties. The 3-year average increase 
ranged from 2 tons per acre for Wisconsin 55 to 7 tons for Rutgers. Increases within 
individual years ranged to as high as 10 tons per acre. Red Jacket outyielded all other 
varieties. Field data, supported by greenhouse inoculation tests, showed Longred and 
Wisconsin 55 to be slightly more tolerant of late blight than the other varieties. Spray 
ing had no significant effect on the development of blossom-end rot, but variety and 
season did. Anthracnose development was significantly greater in Gem and Wisconsin 55, 





being almost twice as great as in John Baer and Longred. 


Organic Fungicides on Apples in 1950. THursSTON, H. W., Jk. A comparison of 
materials and schedules for the control of apple scab in Pennsylvania in 1950 gave best 
results with split schedules in which mereury (Tag 331) was used before bloom and 
either glyoxalidine (Crag 341) or magnetic sulphur in post-bloom sprays. The use of a 
er to measure the gloss on fruit at harvest time (one factor in fruit finish) is 
deseribed. Glossiest fruit (Stayman) as well as least russeted was obtained with the 
use of mereury followed by glyoxalidine. In a further study of two formulations of 
glyoxalidine the nature of the dosage-response curves is shown to vary with the test 
variety, and also to depend on whether the curve is obtained from seab-control data on 


gloss met 


fruit or on foliage. 
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